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ABSTRACT
The main objective of this dissertation is to describe and examine how altering 
fire regimes in southeastern longleaf pine savannas may affect the abundances and 
distributions of indigenous plant species.
In chapter one, I investigate whether herbs, compared to shrubs, have greater 
utility in delineating communities along elevation gradients of several meters in 
longleaf pine savannas. Herbaceous and shrub abundance data were analyzed 
separately for areas in Louisiana and Florida using cluster analysis and ordination. In 
Louisiana, three herbaceous plant communities were sharply delineated and strongly 
correlated with gradients in elevation, surface soil moisture, and other surface soil 
properties. Herbaceous species indicated the existence of three communities in 
Florida, but species distributions and edaphic factors were less discrete than in 
Louisiana. In both regions, classification of shrub species clustered data into 
uninterpretable groups suggesting broad distributions. Shrubs were less sensitive 
than herbs to changes in ground level elevation and surface soil properties.
Expanded distributions of shrubs may be a result of past fire suppression and 
dormant season burning.
In chapter two, I examine the experimental effects of fire regimes on shrubs. 
The effects of geographic region (Louisiana and Florida), habitat (upslope savannas 
and downslope seepages), fire regime (dormant versus growing season; single versus 
repeated fires), and species characteristics (root crown versus rhizomatous species; 
woody versus suffrutescent species) on resprouting of shrubs following fires were 
monitored over four years. Regardless of geographic region, shrubs collectively 
resprouted significantly more following dormant season fires than growing season
ix
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fires, especially when conducted biennially in downslope seepages. In Florida 
downslope seepages, Hypericum microsepalum and H. brachyphyllum, both 
suffrutescent species with root crowns, resprouted more following dormant season 
fires than growing season fires. Of the two species, only abundances of H. 
microsepalum were inversely related to maximum fire temperatures. Growing season 
fires did not result in appreciable complete kill of shrubs; densities of shrubs were 
comparable to pre-bum numbers. Present abundances of shrubs may be a result of 
dormant season burning. Shifting fire regimes to the growing season alone will not 
likely result in a rapid return toward conditions once present in longleaf pine 
savannas.
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GENERAL INTRODUCTION
Longleaf pine savannas of the southeastern Gulf coastal plain contain a 
sparse overstory of longleaf pine {Pinus palustris), as well as an extremely rich 
(mostly herbaceous) ground cover of species also present in coastal prairies, tallgrass 
prairies of the Midwest, and Appalachian balds (Vog11973, Platt 1999). Composition 
of the understory may vary from site to site as a function of 1) geography (Chapman 
1932, Vog11973); 2) varying combinations of soil characteristics, hydrology, and 
nutrient availability over changes in topography (Weils 1942, Marks and Harcombe 
1981, Platt and Schwartz 1990, Harcombe etal. 1993, Peet and Allard 1993); 3) 
overstory characteristics (Gaines etal. 1954, Hodgkins 1958); and 4) fire history 
(Garren 1943, Lemon 1949, 1967, Christensen 1977, Peet and Allard 1993).
Longleaf pine savannas are pyrogenic habitats (sensu Mutch 1970) 
characterized by predictably frequent (more than once a decade), non-catastrophic 
fires (Glitzenstein etal. 1995, Platt etal. 1991, Platt 1999). Natural fires most 
frequently occur during rain-free periods of the early growing season (usually May- 
June), when there are high frequencies of lightning strikes that ignite and spread in 
dry vegetation (Komarek 1974, Pyne 1982, Platt etal. 1988a, 1988b, Goodman and 
Christian 1993, Olson and Platt 1995). Such fires stimulate growth and flowering of 
many species in the herbaceous ground cover (Platt et al. 1991, Streng et al. 1993) 
and, in turn, reduce coverage of competitive, fire intolerant (mostly woody) species 
(Williamson and Biack 1981, Glitzenstein etal. 1995, Olson and Platt 1995).
Fire may behave as an agent of natural selection in the evolution of vegetation 
life histories (Glitzenstein etal. 1995, Sousa 1984, Platte/a/. 1988a, 1988b, Platt
1
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1999). During their evolutionary history, upslope longleaf pine savannas have been 
exposed to predictably frequent, early growing season fires (Komarek 1974, 
Giitzenstein etal. 1995, Platte/a/. 1988a, 1988b, 1991, Platt 1999). Furthermore, 
fires stimulate growth and flowering of adapted species and select against fire 
intolerant competitors (Grelen 1975, Streng and Harcombe 1982, Abrahamson 1984, 
Platt et al. 1991). Frequent recurrence of such fires result in continued community 
maintenance. In addition, adaptations may not only confer resistance (to fire) on a 
suite of selected species but may enhance fire occurrence and intensity also (Wells 
1942, Much 1970, Platt etal. 1988b, 1991, Platt 1999). Selected species may 
provide fire, in turn, with suitable (pyrogenic) fuels, ensuring the recurrence of fire for 
the future. An interdependent evolutionary relationship between vegetation pattern 
and fire regime may exist within longleaf pine savannas where "limits to such 
'coevolution' (are) likely to depend on the variability inherent in the disturbance and 
the indigenous plant populations" (Platt 1999).
In the headwaters of coastal plain drainages, longleaf pine savannas are 
characterized by transitions from upslope longleaf pine savannas, through mid-slope 
seepage bogs, into lower-slope evergreen shrub zones (Means and Moler 1979,
Olson and Platt 1995). No study to date has quantitatively described these plant 
communities along environmental gradients. In addition, the effects of fire regimes on 
these wetland communities remain unclear (but see Olson and Platt 1995).
In chapter one, plant communities along environmental gradients in 
southeastern longleaf pine savannas are described using herbaceous and shrub 
species separately. Using a combination of cluster analysis and ordination, upslope 
longleaf pine savannas, mid-slope seepage bogs, and lower-slope evergreen shrub
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
zones, located in second-growth longleaf pine savannas at opposite ends of the Gulf 
coastal plain, are deiineated. During much of the twentieth century, southeastern 
pine savannas have been subjected first to fire suppression, then dormant season 
fires (Frost 1993). Alterations of fire regimes may have affected herbaceous and 
woody groundcover species differently. Although these perturbations may have 
resulted in proliferation of hardwoods and expanded distributions, changes in 
distributions of herbaceous species have received very little attention. Given this 
general, underlying hypothesis of different effects of changes in fire regimes on 
herbaceous and woody groundcover species, I address whether similar patterns are 
revealed using herbaceous and shrub species separately in describing upslope 
longleaf pine savannas, mid-siope seepage bogs, and lower-slope evergreen shrub 
zones. If similar patterns are not revealed, the question of whether vegetation 
patterns might be a reflection of fire suppression and non-lightning season fires is 
addressed.
In chapter two, the effects of fire regimes and other experimental treatments 
on the abundance of shrubs in upslope savannas and downslope seepages are 
investigated. The main objective is to tease apart some of the various postulated 
causes for differences in responses of shrubs to alterations of fire regimes. Over a 
four year period, I examined specifically the effects of differences in geographic 
region (Louisiana and Florida), habitat (upslope savannas and downslope seepages), 
fire (dormant versus growing season; single versus repeated fires), and differences in 
species characteristics (root crovm versus rhizomatous species; woody versus 
suffrutescent species) on the resprouting of shrubs in longleaf pine savannas.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 1
COMMUNITY STRUCTURE ALONG ELEVATION GRADIENTS IN 
SOUTHEASTERN LONGLEAF PINE SAVANNAS
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Introduction
Delineation of plant communities has been a major focus of plant ecology for 
many decades (Whittaker 1962, McIntosh 1985). The development of gradient 
analysis has resulted in criteria useful in distinguishing communities distributed along 
environmental gradients, as well as identifying possible relationships between plant 
communities and environmental variables (Curtis and McIntosh 1951, Whittaker 1956, 
1960, Curtis 1959, Bray and Curtis 1957). These criteria have been used repeatedly 
to delineate forest communities at coarse scales (e.g. statewide or regionally) using 
spatially separated stands of trees as sampling units (Curtis and McIntosh 1951, 
Whittaker 1956, 1960, Bray and Curtis 1957, Curtis 1959, Goff and Zedler 1968, Peet 
and Loucks 1977, Carieton and Maycock 1980, Johnson 1981, Gagnon and Bradfield
1987, Allen and Peet 1990, Busing e ta i  1993, La Roi 1992, Ohmann and Spies 
1998).
Woody species aiso have often been used to characterize communities in 
grassland/savanna ecosystems, despite the dominance of herbaceous species (e.g., 
Dyksterhius 1946, Curtis 1959, Dix and Smeins 1967, Hurd and Christisen 1975, 
Belcher ef a/. 1992, Marks and Harcombe 1981, Ewel 1990, Harcombe etal. 1993, 
Peet and Allard 1993). A large body of literature indicates that woody species in 
these ecosystems have increased in abundance and have spread along gradients as 
a result of fire suppression and other alterations of fire regimes (Heyward 1939, Curtis 
1959, Komarek 1974, Hennessy etal. 1983, Amo and Gruell 1986, McPherson etal.
1988, Schneider 1988, Rebertus etal. 1989,1993, Boyer 1990, Platt and Schwartz 
1990, Frost 1993, Glitzenstein etal. 1995, and references therein). Thus, the utility of 
woody species in delineating changes in plant communities along environmental
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
gradients that often characterize grassland/savanna systems has been questioned 
(Neldner ef a/. 1997).
In this paper I examine the distribution of groundcover plant communities along 
environmental gradients in southeastern longleaf pine savannas. Changes in 
abundances of species along elevation gradients of only a few meters have been 
suggested to result in different groundcover plant communities in upslope savannas, 
downslope seepages, and streamside/swamp drainages that form the headwaters of 
coastal plain drainages (Means and Moler 1979, Clewell 1986, Wolfe et af. 1988, 
Brooks etal. 1993, Harcombe etal. 1993, Peet and Allard 1993, Olson and Platt 
1995). The groundcover of these savannas contains many herbaceous and 
hardwood shrub species (Chapman 1932, Vog11973, Bridges and Orzell 1989, 
MacRoberts and MacRoberts 1990a, 1990b, 1991,1992, 1993, Martin and Smith 
1991 Harcombe etal. 1993, Peet and Allard 1993, Platt 1999). Both herbaceous and 
woody species thus potentially can be used to identify changes in communities along 
environmental gradients.
Historically, these pyrogenic plant communities (sensu Mutch 1970, Platt 1999) 
were maintained by frequent (every 2-5 years) lightning-season fires (Platt 1999, and 
references therein). Pine savanna landscapes most often bumed during rain-free 
periods of the early growing season (usually May-June), when high frequencies of 
lightning strikes were likely to ignite and spread in dry vegetation (Komarek 1974,
Pyne 1982, Platt ef a/. 1988a, 1988b, Goodman and Christian 1993, Olson and Platt 
1995). These natural fire regimes have been hypothesized to stimulate growth and 
flowering of many herbaceous ground cover species (Platt ef a/. 1988a, 1991, Streng 
etal. 1993; Brewer and Platt 1994) and to reduce densities and cover of hardwood
6
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species (Williamson and Black 1981, Streng etal. 1993, Glitzenstein etal. 1995, 
Olson and Platt 1995).
I hypothesize that changes in fire regimes have affected herbaceous and 
woody groundcover species differently. During much of the twentieth century, 
southeastern pine savannas have been subjected first to fire suppression, then 
dormant season fires (Frost 1993). Many authors have suggested that fire 
suppression resulted in proliferation of hardwoods and as a result, their distributions 
expanded, especially upslope (Heyward 1939, Platt and Schwartz 1990, Platt etal. 
1991, Robbins and Myers 1992, Waldrop etal. 1992, Gilliam etal. 1993, Streng etal. 
1993, Glitzenstein etal. 1995, Gilliam and Platt 1999). However, there have been no 
suggestions in the literature that changes in fire regimes have altered distributions of 
herbaceous species, although there have been suggestions that abundances of herbs 
have decreased (Piatt and Schwartz 1990; Peet and Allard 1993).
In this paper, I addressed two questions regarding the composition of 
groundcover plant communities in southeastern pine savannas. First, are upslope 
longleaf pine savannas, mid-slope seepage bogs, and downslope evergreen shrub 
communities distributed along environmental gradients, and are similar patterns 
revealed using herbaceous and shrub species separately? Second, if similar patterns 
are not revealed using herbaceous and shrub species, are the results consistent with 
the hypothesis of fire suppression resulting in expansion of shrub distributions, but not 
herbs?
These questions were addressed using frequently-burned second-growth 
longleaf pine savannas in regions with elevation gradients. These savannas, which 
contained typical upland second-growth longleaf pine stands (see Noel et al. 1998),
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
were at opposite ends of the Gulf coastal plain. In Florida and Louisiana. Although 
species composition was different In these two savannas, both contained elevation 
gradients of only a few meters that extended from upslope pine savannas, through 
mid-slope seepages, into downslope drainages containing Intermittent streams. I 
randomly selected areas within each region, and randomly established transects that 
ran downslope along the elevation gradient. I established quadrats along the 
transects to study the groundcover plant species. Data for herbaceous and hardwood 
species were used separately to construct dissimilarity matrices using a Bray-Curtis 
distance metric (Bray and Curtis 1957), which were then analyzed using a 
combination of beta-flexible cluster analysis and nonmetric, multidimensional scaling 
to distinguish among communities. Relationships between elevation and surface soil 
characteristics using both herbaceous and hardwood vegetation data were examined. 
Results of these analyses enabled us to use similarities and differences In pattems of 
organization of herbaceous and hardwood species to develop a conceptual model 
relating environmental characteristics and fire regimes to plant community 
organization along elevation gradients In longleaf pine savannas.
Methods 
Studv Sites
Somewhat similar habitat differences occur along elevation gradients In the 
headwaters of drainages In many areas of the southeastern Gulf coastal plain (Fig. 
1.1). Upslope regions are characterized by porous, weathered soils that are drained 
readily and generally do not flood. Seepage bogs form downslope in areas where 
water seeps onto hillsides from small underground, often Intermittent springs. These 
springs are recharged by rainwater that percolates through sandy, upslope savanna
8
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a)
Water Flow
Stream
upslope-Hillside 
Longleaf Pine 
Savanna
Mid-siope __
Seepage Bog
Lower-
Siope
Baygaii
b)
Impermeable 
Clay Layer Stream
Upslope Fiatwoods 
Longieaf Pine 
Savanna
Mid-slope__
Seepage Bog
— Lower- 
Slope 
Titi/Cypress 
Swamp
Fig. 1.1: Diagrammatic representation of plant communities arrayed along 
environmental gradients in the headwaters of coastal plain drainages of a) Louisiana 
longleaf pine savannas and b) Florida longleaf pine savannas: 1) upslope longleaf 
pine savannas, 2) seepage bogs, and 3) evergreen shrub zones. Hydric conditions in 
bogs and evergreen shrub zones are created when rain water percolates down 
through sandy soils, moves laterally along an impermeable layer of clay, and 
surfaces. In my study areas of Louisiana and Florida, evergreen shrub zones are 
called "baygalls" and “titi/cypress swamps" respectively. Diagrams are based on past, 
empirical studies (e.g. Wolfe et al. 1988) and my field observations.
9
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soils and moves down a sloping gradient created by a subterranean layer of 
impermeable clay (Martin and Smith 1991). Eventually, water seeps laterally out of 
the hillsides where the clay soil layer is relatively close to the surface, creating a 
seepage bog (Olson and Platt 1995). Downslope from seepages, soils are often 
saturated and intermittent streams lead into larger drains within watersheds (Means 
and Moler 1979).
In the western Gulf coastal plain region, I used study sites in the Vemon 
District of the Kisatchie National Forest, Vemon Parish, Louisiana (Latitude 31°N, 
Longitude 93°W; 75-90m above sea level). This region contains both Tertiary and 
Quatemary sediments, superimposed on Paleozoic and Precambrian rock (Murray 
1961, Hart and Lester 1993). Upslope-hiilside longleaf pine savannas are generally 
characterized by rolling karst topography and well drained, highly weathered, nutrient 
poor, sandy loams (Bridges and Orzell 1989, Martin and Smith 1991, Hart and Lester 
1993, Olson and Platt 1995). Here, soils are classified as Arenic Paleudults, Typic 
Hapluduits, Typic and Vertic Hapludalfs, or Typic Albaqualfs (Bridges and Orzell 1989, 
Hart and Lester 1993). Osier series (Entisol) soils are distributed in patches 
throughout the Vemon District. These loamy, fine sandy soils are of Pleistocene 
origin and tend to be pooriy drained, nutrient poor, strongly acidic, and are associated 
with mid-slope seepage bogs and lower-slope evergreen shrub zones called 
“baygalls” (Fig. 1.1a) (Martin and Smith 1991, Hart and Lester 1993).
In the eastem Gulf coastal plain region, my study sites were located in the 
Panacea Unit of the St. Marks National Wildlife Refuge, Wakulla County, Florida 
(Latitude 30°N, Longitude 84.5°W; 1-2m above sea levei). Here, sediments are old 
Pleistocene stream channels of the Ochlockonee River and are generaily
10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
characterized by low, flat topography with waterlogged, well-leached, acidic, sandy 
soils classified as Humaqueptic Psamments or Aquic Quartzipsamments, usually of 
the Scranton and Ridgewood series (Cieweil 1986, Platt et al. 1988a, Abrahamson 
and Hartnett 1990, Glitzenstein etal. 1995). Soils in mid-siope seepage bogs are 
similar to upslope fiatwoods longleaf pine savannas but have a longer hydroperiod. In 
lower-slope evergreen shrub zones or Uti/cypress swamps”, soils, classified as 
Humaquepts, Hapiaquods, and Psammaquents of the Osier and Rutledge series, are 
poorly drained and sandy (Fig. 1.1b) (Coultas etal. 1979, Clewell 1986).
Different floras have been described for these three habitats in the headwaters 
of drainages (e.g., Clewell 1986, Wolfe etal. 1988, Bridges and Orzell 1989).
Longleaf pine (Pinus palustris) is commonly the dominant overstory tree in the 
uplands. Grasses, especially Aristlda stricta, A. beyrichlana (wiregrass), or 
Schlzachyrium scoparium (little biuestem), are the most abundant components of the 
ground cover in upslope longieaf pine savannas; there also are large numbers of 
species of forbs and shrubs (Vog11973, Peet and Allard 1993, Platt 1999). In 
general, trees are sparse in seepage bogs; the ground cover contains abundant 
grasses and a diverse herbaceous flora that includes species of Drosera (sundews), 
Saracennia (pitcher plants), PIngulcula (butterworts) and Eriocaulon (hat pins) (Means 
and Moler 1979, Folkerts 1982, Wolfe etal. 1988). Evergreen shrub communities 
comprise mainly woody species, such as Taxodium distichum (cypress), Cyrilla 
racemlflora (titi), Cliftonia monophylla (black titi). Magnolia virginiana (sweetbay), Ilex 
opaca (American holly), and Ilex coriacea (big-leaf gallberry) (Monk 1966, Coultas et 
al. 1979, Clewell 1986, Wolfe etal. 1988, Ewel 1990, Martin and Smith 1991, Brooks 
etal. 1993).
11
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Both study areas have a somewhat similar history of anthropogenic effects. 
Though large pines in both my study areas were removed about 60 years ago, soils 
do not appear to be appreciably disrupted (Platt et al. 1988a, Olson and Platt 1995). 
Species composition of the ground cover resembles extant patches of old growth 
longleaf pine savannas (Wells and Shunk 1931, Hebb 1957, Platt etal. 1988a, Hart 
and Lester 1993). Both areas were subjected to fire suppression in the 1930s-1940s, 
and both have been intermittently bumed in the winter during the latter half of this 
century.
Data Collection
Within each region of Louisiana and Florida vegetation abundance data were 
collected along elevation gradients of several meters. Eight 30m x 80m plots were 
established, each encompassing an upslope longleaf pine savanna-seepage bog- 
evergreen shrub zone transition along the long axis of each plot. Starting points of 
two transects were randomly selected along the short axis of each plot located in an 
upslope longleaf pine savanna. From those starting points, transects were run 
downslope, parallel to the long axis of the plot. I located a quadrat every 10 meters 
along each transect. Quadrats were 1m x 1m in uplands and seepage bogs and 1.5m 
X 1.5m in evergreen shrub zones. Within each quadrat, all herbaceous species and 
vines were identified and assigned values of 1,2, 3, 4, or 5 designating their 
occurrence in one of five aerial coverage classes (<5%, 5-25%, 26-50%, 51-75%, and 
>75% respectively). Shrub species were also identified, and abundance was 
determined by counting stems all of which were <2cm in diameter. Nomenclature 
followed Godfrey and Wooten (1981), Radford etal. (1981), and Clewell (1985) for 
herbaceous species, Peet (1993) for Aristlda beyrichlana, and Godfrey (1988) for
12
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woody species. A total of 195 and 148 species from Louisiana and Florida, 
respectively, were Included in this study.
Environmental data were collected from a subset of the total number of 
quadrats in my Louisiana and Florida study sites. Four of the sixteen transects in 
each geographic region were randomly selected. Relative elevations (accurate to + 
0.5cm) were measured using a laser leveller {Topcon Rotating Laser RL-H1SBT). A 
15cm X 15cm x 15cm soil sample also was randomly collected no more than 1 meter 
away from each quadrat. Soil samples were weighed, dried at 80°C for approximately 
five days in an oven, then reweighed to determine the moisture content. Each soil 
sample was gently crushed and subsequently passed through a 2mm sieve to remove 
vegetation debris. Soil samples were individually analyzed for soil texture (percent 
sand and clay) using the hydrometer method (Bouyoucos 1951), soil pH using a 2:1, 
distilled watensoil ratio, and organic matter using a muffle furnace (Rhoades 1982). 
Statistical Analvses
Dissimilarity matrices were calculated for my vegetation abundance data from 
Louisiana and Florida. Data were organized into four matrices comprised of the 
following: 1) 128 quadrat samples x 166 Louisiana herbaceous species, 2) 110 
quadrat samples x 29 Louisiana shrub species, 3)111 quadrat samples x 114 Florida 
herbaceous species, and 4) 105 quadrat samples x 34 Florida shrub species. For 
each data matrix, a dissimilarity matrix using a Bray-Curtis distance metric (Bray and 
Curtis 1957) was generated using PROG IML in SAS (Version 6.11; SAS Institute 
1989). The Bray-Curtis distance metric has been well demonstrated to recover 
intrinsic community properties using artificial and natural data sets (Faith et a i 1987, 
Ludwig and Reynolds 1988).
13
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A combination of cluster analysis and ordination was used to reveal vegetation 
patterns. Beta-flexible cluster analysis (beta = -0.25) (Lance and Williams 1967) was 
performed separately on each dissimilarity matrix using PROC CLUSTER, and a 
dendrogram was generated using the SAS macro, GRFTREE.SAS (Jacobs 1989). 
The beta-flexible clustering method is an agglomerative hierarchical algorithm (see 
Scheibler and Schneider 1985, Milligan 1989, and Everitt 1993 for algorithm 
explanation). The beta-flexible method with a beta value set at -0.25 was 
recommended by Lance and Williams (1967) and has been found to recover the 
underlying clustering structure of artificial data sets provided that many outliers are 
not present in the data (Milligan 1989). Beginning with a random configuration of 
quadrat samples that served as a starting point in which to find a configuration of 
minimum stress, ten runs of nonmetric multidimensional scaling (NMMDS) were 
performed also on each dissimilarity matrix using PROC MDS. A configuration of 
minimum stress best represented distances between quadrats, specified by a Bray- 
Curtis dissimilarity matrix (Kruskal 1978, Kenkel and Orioci 1986). For each 
dissimilarity matrix, an ordination diagram was constructed using dimension scores 
from one of the ten configurations with the lowest stress. All configurations were of 
two dimensions since stress values were not appreciably different at three or more 
dimensions. Similar to procedures outlined by van der Maarel (1979), Bradfield and 
Porter (1982), Lewis (1991), and Zhang and Skarpe (1996), a dendrogram cut-level of 
three clusters (based on the qualitative designations of different community types in 
the literature; e.g. Wolfe et al. 1988) served as a quantitative guideline for grouping 
samples on a corresponding ordination diagram. Also, intemodes of dendrograms 
based on herbaceous species abundance data tended to be appreciably longer at a
14
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cut level of three than at other levels, suggesting an underlying clustering structure for 
herbaceous species data. Selecting dendrogram cut levels of three based on shrub 
abundance data, then, permitted not only a comparison between my data and past, 
empirical studies, but also the comparison between herbs and shrubs as descriptors 
of community structure.
Vegetation-environment relationships were investigated by performing 
NMMDS separately on Bray-Curtis dissimilarity matrices of the four raw data sets, but 
comprised of only those samples used for collecting surface soil characteristic and 
ground level elevation data. For each ordination, dimension scores were correlated 
with environmental data.
Results
Louisiana Herbaceous Species
Beta-flexible cluster analysis performed on herbaceous species abundance 
data from Louisiana longleaf pine savannas separated samples into three groups that 
corresponded to field designations: upslope-hillside longleaf pine savannas, mid-slope 
seepage bogs, and lower-slope baygalls (Fig. 1.2a). Two dimensional NMMDS on the 
same data yielded a stress value of 10.80%. Superimposing a dendrogram cut-level 
of three resulted in distinct, well separated community types on a NMMDS ordination 
diagram (Fig. 1.2b). In addition, individual communities were compact, suggesting 
similar compositional variation within samples designated as the same community 
type. Relationships between individual species occurring at frequencies >20% in 
quadrats and the ordination axes, based on Pearson correlations, reinforced the 
general separation of quadrats into three communities (Table 1.1). Abundances of 
one group of species, including Dicanthelium aciculare, Diodia feres, Helianthus
15
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Fig. 1.2: Dendrogram (a) and ordination diagram (b) based on a Bray-Curtis 
dissimilarity matrix of quadrat samples comprised of Louisiana herbaceous species 
abundance data using beta-flexible cluster analysis (beta = -0.25) and nonmetric 
multidimensional scaling respectively. A dendrogram cut-level of three clusters 
grouped samples depicted on the ordination diagram as three communities: (1) 
upslope-hillside longleaf pine savannas, (2) mid-slope seepage bogs, and (3) lower- 
slope baygalls.
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Table 1.1 : Mean aerial coverage class representation of prominent (overall frequency 
>20%) herbaceous species in each of three community types in Louisiana as defined 
by herbaceous species clustering criteria. Pearson correlations between herbaceous 
species and dimensions one (Dimi) and two (Dim2) sample scores are from a 
nonmetric multidimensional scaling ordination of herbaceous species abundance 
data.
Community Type
Species Pine
savanna
Seepage
bog
Baygali Pearson
correlation
coefficients
Mean SE Mean SE Mean SE Dim
1
Dim
2
Aristida purpuresœns 0.51 0.08 0.63 0.10 0 0 -0.34 -0.31
Aster dumosus 0.62 0.08 0.44 0.08 0 0 -0.33 -0.04
Centella asiatica 0.20 0.06 1.07 0.08 0.04 0.04 0.04 -0.61
Coreopsis linifblia 0 0 1.00 0.14 0 0 0.11 -0.46
Ctenium aromatlcum 0.07 0.05 1.39 0.21 0 0 0.02 -0.61
Dichanthelium aciculare 0.40 0.08 0.02 0.02 0 0 -0.56 0.45
Diodia teres 0.80 0.10 0 0 0 0 -0.51 0.28
Drosera brevifolia 0.18 0.05 0.76 0.07 0 0 -0.05 -0.66
Eupatorium rotundifolium 0.73 0.09 0.22 0.07 0 0 -0.41 0.24
Hedyotis nigricans 0.28 0.06 0.76 0.09 0 0 -0.06 -0.38
Helianttius angustifolius 1.33 0.11 0.71 0.13 0 0 -0.49 0.15
Lobelia puberuia 0.08 0.04 0.71 0.07 0.04 0.04 0.11 -0.55
l\/larshaiiia tenuifoiia 0.08 0.04 0.73 0.12 0 0 0.02 -0.50
n/tuhlenbergia capiilaris 0.52 0.10 0.78 0.16 0 0 -0.24 -0.38
Panicum dichotomum 0.12 0.05 1.37 0.13 0.11 0.06 0.14 -0.58
Panicum ovale 0.60 0.09 0.17 0.08 0 0 -0.46 0.08
Rtiexia lutea 0.13 0.04 0.68 0.08 0 0 -0.01 -0.56
Rtiynchospora globularis 0.45 0.08 0.02 0.02 0 0 -0.41 0.13
Rhynchospora oligantha 0.05 0.03 1.71 0.14 0.15 0.09 0.14 -0.66
Sarracenia alata 0 0 1.78 0.21 0.11 0.06 0.16 -0.64
Schizach^um scoparium 2.12 0.13 0.12 0.05 0 0 -0.70 0.41
17
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(Table 1.1 continued) 
Schizachyrium tenerum 1.40 0.16 0.29 0.09 0 0 -0.44 0.23
Scieria pauciriora 0.18 0.06 0.46 0.10 0 0 -0.04 -0.29
Sderia reticularis 0.08 0.04 1.41 0.16 0 0 0.08 -0.64
Smiiax Iaurifoiia 0.05 0.03 0.44 0.10 1.11 0.06 0.74 0.11
Soiidago odora 0.62 0.08 0 0 0 0 -0.50 0.42
Sphagnum spp. 0.03 0.02 1.27 0.18 0.37 0.12 0.27 -0.49
Styiosanthes biflora 0.68 0.06 0 0 0 0 -0.62 0.44
Xyris ambigua 0.08 0.04 0.59 0.09 0 0 0.03 -0.50
angustifolius, Panicum ovale, Rhynchospora giobuiaris, Schizachyrium scoparium, 
Schizachyrium tenerum, Soiidago odora, and Styiosanthes bifiora, tended to be rather 
strongly negatively correlated with the first ordination axis; these species tended to be 
much more abundant in pine savannas than in seepage bogs. Abundances of a 
second group of species, which included Aristida purpurascens. Aster dumosus, 
Eupatorium rotundifolium, and Muhienbergia capiilaris, were more evenly divided 
among pine savannas and seepage bogs; these species were not as strongly 
associated with either axis. Abundances of a large third group of species, which 
included Centella asiatica. Coreopsis iinifolia, Ctenium aromatlcum, Drosera brevifolia, 
Hedyotis nigricans, Lobelia puberuia, Marshaiiia tenuifoiia, Panicum dichotomum, 
Rhexia lutea, Rhynchospora oligantha, Sarracenia alata, Scieria reticularis, and Xyris 
ambigua, were at best only very weakly correlated with the first ordination axis, but 
were strongiy negatively correlated with the second axis. These species occurred 
typically in seepage bogs. Smiiax iaurifoiia was the oniy species whose abundance 
was strongiy positiveiy correlated with the first ordination axis. Sphagnum spp. was 
more weakly, but positively correlated with the first axis; abundance of Sphagnum
18
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also was strongiy negatively correlated with the second axis, suggesting that it is 
weakly associated with baygalls, but more common in seepage bogs.
Louisiana Shrub Species
Beta-flexible cluster analysis performed on shrub species abundance data 
from Louisiana did not result in three distinct community types (Fig. 1.3a). Forty 
percent of the samples were classified differently from a cluster analysis based on 
herbaceous species. Of those 40% classified differently, over half were classified as 
seepage bogs using herbs, but as baygalls using shrubs. Very few samples were 
designated as seepage bogs using shrub abundance data, suggesting that shrub 
composition and abundances were similar in herb-defined seepage bogs and 
baygalls. A two-dimensional NMMDS ordination performed on shrub abundance data 
revealed a stress of 11.47%. Superimposing a dendrogram cut-level of three on the 
ordination diagram resulted in communities that were not as distinctly defined as 
those communities defined using herbaceous species (Fig. 1.3b).
The relationships between individual shrub species and the ordination axes 
reinforced the difficulty in separating shrubs into three communities (Table 1.2). Very 
few shrub species were strongly correlated with either ordination axis. Two species, 
Hypericum hypericoides and Vaccinium arboreum, were somewhat negatively 
associated with the first ordination axis; Quercus incana and Rhus copallinum also 
were weakly negatively associated with the first axis. As designated by the cluster 
analysis based on shrub abundance data, these species were more common in pine 
savannas. Abundances of Myrica heterophylla and Pyrus arbutifolia were fairly 
strongly positively associated with the first axis, and abundances of Acer rubrum and 
Lyonia lucida were indicated to be less strongly positively associated with the first
19
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Fig. 1.3: Dendrogram (a) and ordination diagram (b) based on a Bray-Curtis 
dissimilarity matrix of quadrat samples comprised of Louisiana shrub species 
abundance data using beta-flexible cluster analysis (beta = -0.25) and nonmetric 
multidimensional scaling respectively. A dendrogram cut-level of three clusters 
grouped samples depicted on the ordination diagram as three communities: (1) 
upslope-hillside longleaf pine savannas, (2) mid-slope seepage bogs, and (3) lower- 
slope baygalls.
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Table 1.2: Mean ramet density (stems/m )^ of encountered shrub species in each of three community types In Louisiana as 
defined by shrub species clustering criteria and herbaceous species clustering criteria. Pearson correlations between shrub 
species and dimensions one (Dimi) and two (Dim2) sample scores are from a nonmetric multidimensional scaling ordination 
of shrub species abundance data.
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Shrub Species Clustering Criteria Herbaceous Species Clustering Criteria
Species Pine
savanna
Seepage
bog
Baygali Pearson
correlation
coefficients
Pine
savanna
Seepage
bog
Baygali
Mean SE Mean SE Mean SE Dimi Dim2 Mean SE Mean SE Mean SE
Acer rubrum 0.41 0.17 0 0 0.39 0.11 0.22 -0.16 0.24 0.15 0.60 0.18 0.23 0.06
Alnus serrulata 0 0 0.50 0.50 0.13 0.07 0.01 -0.05 0 0 0.24 0.18 0.15 0.08
Callicarpa americana 0 0 0 0 0.03 0.03 0.08 0.04 0 0 0 0 0.05 0.05
Hypericum brachyphyllum 0 0 0 0 0.06 0.04 0.11 -0.03 0 0 0.08 0.06 0 0
Hypericum crux-andreae 4.02 2.95 0.66 0.33 0.38 0.14 0.08 -0.16 0.33 0.13 5.35 3.64 0 0
Hypericum hypericoides 0.43 0.18 0.25 0.25 0.02 0.02 -0.52 0.01 0.50 0.19 0.03 0.03 0 0
Hex coriacea 7.98 7.65 0 0 3.80 1.08 0.08 -0.06 0 0 11.83 9.52 4.71 1.41
Ilex opaca 0 0 0 0 0.03 0.01 0.10 0.11 0 0 0 0 0.05 0.03
Liquidambar styraciflua 0.28 0.20 0 0 0 0 -0.12 -0.12 0.28 0.21 0 0 0 0
Lyonia lucida 0 0 0 0 0.88 0.39 0.20 0.20 0 0 0 0 1.69 0.71
Magnolia virginiana 0.10 0.09 0 0 3.55 1.55 0.18 -0.27 1.06 0.92 3.55 1.19 0.31 0.18
Myrica cerifera 1.37 0.58 19.25 3.83 0.10 0.10 -0.17 -0.33 3.78 1.18 3.38 1.55 0.02 0.02
Myrica heterophylla 0.74 0.35 0.17 0.17 6.29 0.96 0.41 -0.03 0.07 0.05 6.61 1.24 4.28 0.93
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(Table 1.2 continued) 
Wyssa syNatica 0.02 0.01 0 0 0.38 0.16 0.14 0.24 0 0 0 0 0.77 0.28
Persea borbonea 0.07 0.04 0 0 0.64 0.33 0.09 0.08 0 0 0.55 0.46 0.61 0.13
Pinus taeda 0.04 0.04 0 0 0.04 0.02 0.04 0.09 0.04 0.04 0.03 0.03 0.03 0.02
Pyrus arbutifolia 0.03 0.03 0.50 0.50 4.13 1.09 0.30 0.05 0.13 0.13 3.77 1.44 2.85 0.84
Quercus incana 0.09 0.09 0 0 0 0 -0.21 0.18 0.09 0.09 0 0 0 0
Quercus iaurifoiia 0 0 0 0 0.01 0.01 0.03 0.03 0 0 0 0 0.02 0.02
Rhododendron spp. 0.40 0.40 0 0 1.44 0.88 0.08 0.16 0 0 0 0 2.78 1.67
Rhus copaiiinum 0.52 0.24 0.17 0.11 0 0 ■0.20 -0.06 0.57 0.24 0 0 0 0
Rubus spp. 3.15 1.04 0.83 0.44 0.36 0.19 -0.12 0.05 2.74 0.89 1.05 0.75 0.33 0.16
Toxicodendron vemix 0 0 0 0 0.05 0.04 0.12 0.02 0 0 0.05 0.05 0.02 0.02
Unknown 0.04 0.04 0 0 0.03 0.02 0.15 0.27 0 0 0 0 0.13 0.07
Vaccinium arboreum 1.04 0.43 0.08 0.08 0 0 -0.37 0.24 1.07 0.42 0 0 0 0
Vaccinium arkansanum 0.13 0.13 0 0 0.47 0.14 0.12 0.33 0.13 0.13 0 0 0.90 0.25
Vaccinium eiiiottii 1.51 1.04 0 0 0.03 0.03 -0.14 -0.05 1.48 1.04 0.04 0.04 0.07 0.07
Vaccinium stamineum 0.35 0.35 0 0 0 0 -0.08 0.03 0.35 0.35 0 0 0 0
Viburnum nudum 0 0 0 0 0.10 0.09 0.05 -0.01 0 0 0 0 0.20 0.16
ordination axis. As designated by duster analysis based on shrubs, all of these 
species except Acer rubrum were more abundant in baygalls than at higher 
elevations. Abundances of two shrub species, Magnolia virginiana and Myrica 
cerifera, were somewhat negatively associated with the second axis, and abundances 
of three species, Nyssa sylvatica, Vaccinium arboreum, and Vaccinium arkansanum, 
were weakly positively assodated with the second axis. These two groups of species 
were not most abundant in any single community type based on shrub clustering 
criteria.
Shrub species that were most abundant overlapped among the three 
communities, as defined based on shrub spedes clustering criteria. Hypericum crux- 
andreae, Hex coriacea, Myrica cerifera, Myrica heteroph^la, Rubus spp., Rhus 
copaiiinum, Vaccinium arboreum, and Vaccinium eiiiottii were indicated as present at 
densities >0.5 stems/m^ in pine savannas. Hypericum crux-andreae and Hex coriacea 
were indicated as the most abundant spedes, with mean densities >4 stems/m^; 
however, field observations indicated that these spedes were encountered rarely in 
pine savannas. Three species {Liquidambar styraciHua, Quercus incana, and V. 
stamineum), all uncommon, were indicated to occur only in pine savannas. Several 
species of shrubs were present in seepage bogs at densities greater than 0.5 
stems/m^: Ainus serruiata, Hypericum crux-andreae, Myrica cerifera, Pyrus arbutifoiia, 
and Rubus spp. Of these species, Myrica cerifera was ovenwhelmingly the most 
abundant species, averaging almost 20 stems/m^. There were no shrub species that 
occurred only in the seepages. Abundant species (>0.5 stems/m^) in baygalls (as 
defined by abundances of shrubs) induded Hex coriacea, Lyonia iucida, Magnoiia 
virginiana, Myrica heterophyiia, Persea borbonia, Pyrus arbutifoiia, and
23
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Rhododendron spp. Of these species, //ex coriacea. Magnolia virginiana, Myrica 
heterophyiia, and Pyrus arbutifoiia ail had mean densities of >3 stems/m^. Several 
less common species {Caiiicarpa americana, Hypericum brachyphyiium, Hex opaca, 
Quercus iaurifoiia. Toxicodendron vemix, and Viburnum nudum), as well as Lyonia 
iucida were indicated to occur only in baygalls.
Abundances of shrubs in the three community types based on classification of 
herbaceous species abundance data differed considerably from those based on 
classification of abundances of shrub species (Table 1.2). Hypericum hypericoides, 
Magnoiia virginiana, Myrica cerifera, Rubus spp., Rhus copaiiinum, Vaccinium eiiiottii, 
and V. arboreum all were present in pine savannas, as defined by abundances of 
herbs, at average densities of > 0.5 stems/m ,^ with Myrica cerifera the most abundant 
of these species. Several shrubs, Liquidambar styraciflua, Quercus incana, Rhus 
copaiiinum, Vaccinium arboreum, and V. stamineum, were indicated to occur 
exclusively in upslope pine savannas. Acer rubrum, Hypericum crux-andreae. Hex 
coriacea, Magnoiia virginiana, Myrica cerifera, Myrica heterophyiia, Persea borbonia, 
Pyrus arbutifoiia, and Rubus sp. were present at abundances above 0.5 stems/m^ in 
seepage bogs, as defined by the herbaceous species. Several species, including 
Hypericum crux-andreae. Hex coriacea, Magnoiia virginiana, Myrica cerifera, Myrica 
heterophyiia, and Pyrus arbutifoiia, were present at average densities >3 stems/m ,^ 
and three of these {Hypericum crux-andreae. Hex coriacea, Myrica heterophyiia) were 
present at mean densities >5 stems/m^ Many of the shrub species abundant in 
seepage bogs, especially Hex coriacea, Myrica heterophyiia, Persea borbonia, and 
Pyrus arbutifoiia, were abundant also in baygalls, as defined by the abundances of 
herbaceous species. In addition, several species, including Caiiicarpa americana. Hex
24
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opaca, Lyonia lucida, Nyssa sylvatica, Quercus iaurifoiia. Rhododendron spp., and 
Viburnum nudum occurred only in baygalls; of these species, Lyonia lucida, Nyssa 
sylvatica, and Rhododendron spp. occurred at densities >0.5 stems/m^.
Louisiana Veaetation-Environment Relationships
Differences in elevations and surface soil moisture, as well as in organic 
matter and pH, were strongly correlated with the first dimensions of NMMDS 
ordinations, both for herbaceous and woody species in Louisiana. Elevation was 
strongly negatively correlated, and surface soil moisture strongly positively correlated, 
with dimension 1 for both herbaceous species and shrubs (Table 1.3). In addition, 
surface soil moisture was negatively associated with the second dimension, especially 
for shrubs (Table 1.3). Over a mean 2.5m elevation gradient from upslope savannas 
to baygalls, the mean surface soil moisture increased by more than 35% (Table 1.4). 
Surface soil characteristics also were associated with the first dimensions of the 
NMMDS ordinations. Organic matter was positively associated, and pH negatively 
associated with the first dimension, both for herbaceous species and shrubs (Table 
1.3). Over the elevation gradient, organic matter increased by about 10%, and the pH 
decreased from 4.5 to 4.1 (Table 1.4).
Differences in surface soil texture, and to a lesser extent organic matter and 
pH, might have influenced the distribution of herbaceous species (but not shrubs) in 
the ground cover in the three habitats. The first ordination axis for herbaceous 
species was negatively associated with percent sand (Table 1.3), perhaps reflecting 
the tendency for baygalls to have lower sand content of the surface soil than upslope 
savannas (Table 1.4). The second ordination axis for herbaceous species was 
correlated with surface soil texture (negatively associated with sand and positively
25
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Table 1.3: Pearson correlations between environmental variables, dimension 1 
(Hdim1) and dimension 2 (Hdim2) from a nonmetric multidimensional scaling 
ordination performed on herbaceous species abundance data from Louisiana, and 
dimension 1 (SDim1) and dimension 2 (Sdim2) sample scores from a nonmetric 
multidimensional scaling ordination performed on shrub species abundance data from 
Louisiana. Clay, surface soil clay content; Sand, surface soil sand content; SOM, 
surface soil organic matter; EL, relative ground level elevation; Moist, surface soil 
moisture.
Hdlml Hdim
2
Sdim
1
SdIm
2
SOM Clay pH Sand Moist EL
SOM 0.46 0.21 0.38 -0.08 1.00
Clay 0.05 0.36 -0.05 0.09 -0.06 1.00
pH -0.54 0.38 -0.72 0.24 -0.47 -0.01 1.00
Sand -0.36 -0.37 -0.05 0.10 -0.29 -0.42 0.22 1.00
Moist 0.76 -0.11 0.63 -0.32 0.76 -0.04 -0.58 -0.28 1.00
EL -0.85 0.09 -0.65 0.23 -0.46 -0.01 0.54 0.44 -0.75 1.00
Table 1.4: Summarized surface soil characteristic and relative ground level elevation 
data for each of three community types defined by herbaceous species clustering 
criteria in Louisiana longleaf pine savannas.
Community Type
Pine savanna 
Mean SE
Seepage bog 
Mean SE
Baygali 
Mean SE
Clay (%) 8.82 0.62 7.50 0.68 9.38 1.13
Elevation (m) 2.64 0.21 1.19 0.17 0.17 0.1
Moisture (%) 3.16 1.06 25.78 4.11 40.27 7.37
Soil Organic Matter (%) 3.05 0.24 4.33 1.08 12.95 4.50
pH 4.49 0.08 4.15 0.05 4.06 0.06
Sand (%) 69.19 1.41 71.79 2.63 57.22 6.39
associated with clay); in addition, it was positively associated with pH (Table 1.3). 
These associations tend to separate surface soil textures found in seepage bogs from 
those in uplands and baygalls; seepage bog surface soils possess slightly less clay
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and more sand than surface soils in either upslope savannas or baygalls (Table 1.4). 
Such differences in textures might provide a biological explanation for the horseshoe­
shaped pattern of separation of upslope savannas, seepage bogs, and baygalls 
observed in Fig. 1.2b for herbaceous species (see Gauch 1982, Minchin 1987 among 
others for an explanation of ordination pattern distortions). No similar patterns were 
observed for shrubs because of differences in classification of quadrats (Fig. 1.3b). 
Florida Herbaceous Species
Beta-flexible cluster analysis performed on herbaceous species abundance 
data from Florida longleaf pine savannas grouped samples into community types that 
generally corresponded to subjective field designations: upslope flatwoods longleaf 
pine savannas, mid-slope seepage bogs and lower-slope titi/cypress swamps (Fig. 
1.4a). Two-dimensional NMMDS on the same data yielded a stress of 16.50%. A 
dendrogram cut-level of three superimposed on a NMMDS ordination diagram 
delineated communities spread over more space along both dimensions (Fig. 1.4b), 
unlike in Louisiana where communities tended to be more compact and separated 
along the axes (Fig. 1.2b). In addition, the assignment of community types made by 
cluster analysis based on herbaceous species sometimes was different from field 
assignments made in Florida, whereas this was not the case in Louisiana.
Abundances of the most common herbaceous species in Florida tended not to 
be as strongly correlated with NMMDS dimensions one and two as they were in 
Louisiana (Table 1.5). Abundances of none of the species were strongly correlated 
with either axis; this was consistent with the greater spread along both axes, as well 
as the closer association of the different communities. Nonetheless, there were 
common species somewhat associated with the first axis. The species with the largest
27
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Fig. 1.4: Dendrogram (a) and ordination diagram (b) based on a Bray-Curtis 
dissimilarity matrix of quadrat samples comprised of Florida herbaceous species 
abundance data using beta-flexible cluster analysis (beta = -0.25} and nonmetric 
multidimensional scaling respectively. A dendrogram cut-level of three clusters 
grouped samples depicted on the ordination diagram as three communities: (1) 
upslope flatwoods longleaf pine savannas, (2) mid-slope seepage bogs, and (3) 
lower-slope titi/cypress swamps.
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Table 1.5: Mean aerial coverage class representation of prominent (overail frequency 
>20%) herbaceous species in each of three community types in Florida as defined by 
herbaceous species clustering criteria. Pearson correlations between herbaceous 
species and dimensions one (Dimi) and two (Dim2) sample scores are from a 
nonmetric multidimensional scaling ordination of herbaceous species abundance 
data.
Community Type
Species Pine
savanna
Seepage
bog
Titi/cypress
swamp
Pearson
correlation
coefficients
Mean SE Mean SE Mean SE Dim
1
Dim
2
Andmpogon virginicus 0.13 0.06 0.80 0.10 0.24 0.07 0.15 0.04
Aristida beyrichiana 1.33 0.20 2.77 0.16 0.68 0.17 -0.01 0.03
Centella asiatica 0 0 0.34 0.08 0.27 0.09 0.26 -0.17
Ctenium aromaticum 0.20 0.09 0.89 0.13 0 0 -0.11 0.08
Drosera capiilaris 0.03 0.03 0.75 0.07 0.16 0.06 0.11 -0.01
Eriocaulon compressum 0 0 0.43 0.14 1.32 0.22 0.27 0.16
Lachnocaulon anceps 0.20 0.07 0.89 0.11 0 0 -0.10 -0.04
Lophiola americana 0.10 0.06 0.84 0.15 0.24 0.09 0.16 0.01
Panicum spp. 0.17 0.07 0.32 0.08 0.14 0.06 -0.02 -0.10
Polygala lutea 0.27 0.08 0.75 0.11 0.14 0.07 -0.04 -0.18
Rhexia aiifanus 0.67 0.10 0.89 0.05 0.24 0.08 -0.07 -0.01
Rhexia nuttallii/petiolata 0.17 0.07 0.89 0.09 0.35 0.10 0.30 -0.13
Rhynchospora chapmannii 0.13 0.06 1.61 0.11 0.08 0.05 -0.02 -0.05
Smiiax auriculata 0.13 0.06 0.09 0.04 0.41 0.09 0.36 0.01
Sphagnum spp. 0 0 0.32 0.09 0.97 0.22 0.16 -0.06
Sporobolus rioridanus 0.97 0.23 0.34 0.13 0.03 0.03 -0.17 -0.16
Xyris ambigua 0 0 0.34 0.09 0.32 0.09 0.18 0.11
negative correlation with the first axis was Sporobolus ftoridanus, which was the only 
common species that was considerably more abundant in pine savannas than 
seepage bogs or titi/cypress swamps. Aristida beyrichlana and Rhexia aiifanus also
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were abundant in pine savannas, but were pooriy correlated with NMMDS ordination 
axes because they were even more abundant in seepage bogs (Table 1.5). Moderate 
positive correlations with the first axis occurred in several species: Centella asiatica, 
Eriocaulon compressum, Rhexia nuttallii/petiolata, and Smiiax auriculata. Of these 
species, Centella asiatica and Rhexia nuttaiiii/petiolata were more abundant in 
seepage bogs than titi/cypress swamps. A number of the most abundant species, 
including Andropogon virginicus, Aristida beyrichiana, Ctenium aromaticum, Drosera 
capiilaris, Lachnocaulon anceps, Lophiola americana. Polygala lutea, and 
Rhynchospora chapmannii were more abundant in seepage bogs than in pine 
savannas or titi/cypress swamps (Table 1.5). Unlike Louisiana, ground cover in Florida 
titi/cypress swamps was not comprised almost exclusively of shrubs. Eriocauion 
compressum and Smiiax auricuiata both were most abundant in titi/cypress swamps, 
as was Sphagnum spp (Table 1.5). Although there was considerable variation among 
samples along the second axis, this variation was not correlated with abundances of 
any common species.
Florida Shrub Species
Beta-flexible cluster analysis using shrub abundance data revealed pooriy 
defined community types (Fig. 1.5a). Though a NMMDS ordination performed on 
shrub data yielded a low stress value of 14.77%, groups were not well defined after 
superimposing a dendrogram cut-level of three to group samples (Fig. 1.5b). 
Classification of samples using shrub species differed considerably from subjective 
field designations. In addition, 41% of samples were assigned differently when 
shrubs rather than herbs were used. Of those samples, 80% were classified as 
seepage bogs using herbs, but as upslope pine savannas using shrubs, suggesting
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Fig. 1.5: Dendrogram (a) and ordination diagram (b) based on a Bray-Curtis 
dissimilarity matrix of quadrat samples comprised of Florida shrub species abundance 
data using beta-flexible cluster analysis (beta = -0.25) and nonmetric multidimensional 
scaling respectively. A dendrogram cut-level of three clusters grouped samples 
depicted on the ordination diagram as three communities: (1) upslope flatwoods 
longleaf pine savannas, (2) mid-slope seepage bogs, and (3) lower-slope titi/cypress 
swamps.
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that the species and abundances in these samples were very similar for shrubs, but 
not herbs.
Shrub species generally were not well correlated with NMMDS axes 1 and 2 
(Table 1.6). Exceptions involved Gaylussacia dumosa, G. frondosa. Ilex glabra, and 
Quercus minima; these species, negatively associated with axis 1, were associated 
with upslope pine savannas. A second group of shrubs was weakly associated with 
dimension 1 ; Myrica cerifera and Pyrus arbutifoiia were negatively associated, and 
Cyrilla racemifiora and Hex myrtifoHa were positively associated with Dimension 1. 
The second NMMDS axis suggested much variability between samples. Species such 
as Ciiftonia monophylla, Hypericum brachyphyiium, H. crux-andreae. Magnolia 
virginiana, and Pieris phiiiyneifoiius were positively associated with Dimension 2, while 
species like Gaylussacia dumosa, Pyrus arbutifoiia, and Quercus minima were 
weakly negatively associated with Dimension 2. The species positively associated 
with axis 2 thus appear not to be associated with most upslope flatwoods savannas, 
but to be more typical of seepage bogs (Fig. 1.5b). However, C. monophylla and P. 
philiyreifolius, along with Uriodendron tulipifera, were never encountered in seepage 
bogs; these species, along with H. brachyphyiium, H. crux-andreae, C. racemifiora, H. 
fasciculatum, I. myrtifoHa, Itea virginiana, Nyssa bifiora, and Persea borbonia, were 
not sampled in upslope pine savannas. However, all these species were indicated as 
contributing to delineation of these two communities based on hardwoods (Table 1.6). 
Vaccinium myrsinites is the only species that was both inversely correlated with the 
second axis (Table 1.6) and associated with both upslope savannas and swamps 
(Fig. 1.5b). However, V. myrsinites, along with G. dumosa, G. frondosa, H. 
microsepaium, Q. minima, and Q. pumila, was never encountered in swamps.
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Table 1.6; Mean ramet density (stems/m )^ of encountered shrub species in each of three community types in Florida as defined 
by shrub species clustering criteria and herbaceous species clustering criteria. Pearson correlations between shrub species and 
dimensions one (Dimi) and two (Dim2) sample scores are from a nonmetric multidimensional scaling ordination of shrub species 
abundance data.
Shrub Species Clustering Criteria Herbaceous Species Clustering Criteria
Species Pine
savanna
Seepage
bog
Titi/cypress
swamp
Pearson
correlation
coefficients
Pine savanna Seepage
bog
Titi/cypress
swamp
Mean SE Mean SE Mean SE Dim1 Dtm2 Mean SE Mean SE Mean SE
Clethra alnifolia 11.46 6.30 2.72 1.34 3.32 1.20 -0.08 -0.11 27.78 17.59 0.53 0.45 4.16 1.24
ciiftonia monophylia 0.38 0.38 4.60 2.70 0.16 0.14 ■0.04 0.20 0 0 0 0 2.94 1.51
Cyrilla raœmWora 0.85 0.34 10.37 3.92 10.07 3.79 0.17 0.08 0 0 8.48 3.15 6.08 2.54
> Gaylussacia dumosa 33.46 11.46 0.06 0.06 8.23 5.09 -0.27 -0.17 86.00 30.57 12.03 4.96 0 0
Gaylussacia frondosa 24.04 7.75 6.06 6.00 0.20 0.17 -0.36 -0.06 52.89 16.64 10.35 6.29 0 0
Gaylussacia mosieri 6.54 2.72 8.30 5.43 0.04 0.04 -0.10 0.02 9.56 4.70 7.38 3.69 0.22 0.15
Hypericum brachyphyiium 2.94 1.53 2.44 1.40 4.34 2.87 0.04 0.18 0 0 7.45 3.08 1.46 0.78
Hypericum crux-andreae 0.02 0.02 0 0 0 0 -0.02 0.20 0 0 0 0 0.03 0.03
Hypericum fasciculatum 0.06 0.06 0 0 0 0 -0.13 0.02 0 0 0 0 0.09 0.09
Hypericum microsepaium 5.85 1.80 3.44 2.01 5.20 2.83 -0.08 -0.02 8.67 4.53 9.80 2.64 0 0
Ilex coriacea 9.32 5.37 2.86 2.04 0.63 0.23 -0.08 -0.06 5.56 5.56 6.13 5.05 0.68 0.30
Ilex glabra 27.95 5.37 7.78 3.50 11.50 4.14 -0.31 0.01 33.56 6.32 33.68 6.57 0.14 0.10
Ilex mytrifolia 0.01 0.01 0 0 0.64 0.52 0.18 -0.07 0 0 0 0 0.64 0.52
Itea virginiana 0.08 0.05 0 0 0.04 0.04 -0.12 0.08 0 0 0 0 0.09 0.06
CD"O
O
Q .
C
g
Q .
"O
CD
C/)W
o"3
0
5
CD
8■D
( O '3"
1
3
CD
7X
3"
CD
CD
^  %
O.
C
aO
■D
O
CD
Q .
■O
CD
(/)(/)
(Table 1.6 continued) 
Leuœthoe racemose 0 0 0.07 0.07 0 0 0.13 0.09 0 0 0 0 0.04 0.04
Uriodendron tulipifera 0.12 0.09 0.12 0.12 0 0 -0.06 -0.11 0 0 0 0 0.23 0.14
Lyonia lucida 3.60 1.63 3.03 1.56 1.92 0.65 -0.01 -0.01 2.22 2.00 0.58 0.58 3.25 0.92
Magnoiia virginiana 0 0 1.11 0.83 0.08 0.08 0.03 0.19 0 0 0.35 0.35 0.25 0.18
Myrica cerifera 0.74 0.49 0 0 0.23 0.23 -0.19 -0.07 2.00 1.38 0.23 0.20 0.01 0.01
Myrica heterophylla 1.68 0.84 1.53 1.02 1.03 0.45 0.04 0.12 3.78 2.32 1.55 0.59 0.58 0.26
Nyssa bifiora 0.84 0.64 0.07 0.07 0.32 0.26 0.02 0.02 0 0 1.03 0.83 0.40 0.29
Persea borbonea 0.12 0.10 0 0 0 0 -0.13 0.01 0 0 0.03 0.03 0.14 0.14
Pieris philiyreifolius 0.68 0.42 1.65 1.48 0 0 -0.03 0.21 0 0 0 0 1.38 0.92
Pinus eiiiottii 0.10 0.08 0.06 0.06 0.10 0.06 -0.01 -0.14 0.22 0.22 0.03 0.03 0.13 0.07
Pyrus arbutifolia 4.15 1.83 0.39 0.39 0 0 -0.18 -0.16 9.11 4.26 1.48 1.31 0 0
Quercus minima 9.54 3.90 4.22 4.22 3.60 2.71 -0.22 -0.15 29.22 10.29 4.30 2.73 0 0
Quercus pumila 1.85 1.18 3.11 3.11 3.77 2.67 0.02 -0.10 12.22 5.76 1.60 1.40 0 0
Stillingla aquatica 0 0 0.11 0.11 0 0 0.03 0.03 0 0 0 0 0.06 0.06
Taxodium distichum 0 0 0.28 0.28 0.01 0.01 0.04 0.02 0 0 0 0 0.16 0.14
Vaccinium arboreum 2.46 1.41 0 0 0 0 -0.10 -0.08 4.22 2.90 0 0 0 0
Vaccinium corymbosum 0.98 0.84 0 0 0 0 -0.11 -0.02 0.44 0.44 1.08 1.08 0 0
Vaccinium danowii 0.85 0.85 0 0 0 0 -0.14 -0.04 2.44 2.44 0 0 0 0
Vaccinium myrsinites 13.85 5.01 0 0 7.54 7.43 -0.14 -0.18 54.67 17.19 0 0 0 0
When herbs are used to classify samples, shrub representation corresponds 
more closely with field designations (Table 1.6). Upslope pine savannas contain very 
high densities (>10 ramets/m^) of species such as Clethra alnifolia, Gaylussacia 
dumosa, G. frondosa. Ilex glabra, Quercus minima and Q. pumila (runner oaks), and 
Vaccinium myrsinites. Several species are almost entirely restricted to upslope 
savannas (e.g., Myrica cerifera, Pyms arbutifoiia, Quercus pumila), and three species 
of Vaccinium (V. arboreum, V. darrowii, V. myrsinites) occur oniy in upslope pine 
savannas. Seepage bogs contain mixtures of upslope and downslope species. The 
most abundant species (>10 ramets/m^), Gaylussacia dumosa, G. frondosa, and ilex 
glabra, also are characteristic of upslope pine savannas. Species like Cyrilla 
racemifiora also are abundant in titi/cypress swamps. No species were restricted to 
seepages. The most abundant species in titi/cypress swamps were Clethra alnifolia, 
Ciiftonia monophylla, Cyrilla racemifiora, and Lyonia lucida, all with >3 stems/m^. A 
number of species, including Hypericum crux-andreae, H. fasciculatum. Ilex myrtifoHa, 
itea virginiana, Leucothose racemosa, Uriodendron tulipifera, Pieris philiyreifolius, 
Stillingia aquatica, and Taxodium distichum occurred only in titi/cypress swamps, but 
often at low densities.
Florida Veaetation-Environment Relationships
Differences in elevations and surface soil moisture were correlated with the 
first dimensions of NMMDS ordinations, both for herbaceous and woody species in 
Florida. Elevation was negatively correlated, and surface soil moisture positively 
correlated, with dimension 1 for both herbaceous species and shrubs (Table 1.7). In 
addition, elevation was positively, and surface soil moisture negatively associated with 
the second dimension, both for herbs and shrubs (Table 1.7). Over a mean 0.5m
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Table 1.7: Pearson correlations between environmental variables, dimension 1 
(Hdlml) and dimension 2 (Hdim2) from a nonmetric multidimensional scaling 
ordination performed on herbaceous species abundance data from Florida, and 
dimension 1 (Sdimi) and dimension 2 (Sdim2) sample scores from a nonmetric 
multidimensional scaling ordination performed on shrub species abundance data from 
Florida. Clay, surface soil clay content; Sand, surface soil sand content; SOM, 
surface soil organic matter; EL, relative ground level elevation; Moist, surface soil 
moisture.
Hdim
1
Hdim
2
Sdim
1
Sdim
2
SOM Clay pH Sand Moist EL
SOM 0.06 0.04 -0.05 -0.17 1.00
Clay 0.05 0.22 -0.18 -0.15 0.42 1.00
pH 0.10 -0.38 0.40 -0.08 -0.49 -0.10 1.00
Sand 0.01 -0.31 0.19 -0.16 -0.24 -0.22 0.24 1.00
Moist 0.53 -0.49 0.43 -0.58 0.24 0.07 0.29 0.13 1.00
EL -0.53 0.40 -0.64 0.46 -0.06 0.03 -0.39 -0.29 -0.63 1.00
Table 1.8: Summarized surface soil characteristic and ground level elevation data for 
each of three community types defined by herbaceous species clustering criteria in 
Florida longleaf pine savannas.
Community Type
Pine savanna Seepage bog Titi/cypress
swamp
Mean SE Mean SE Mean SE
Clay (%) 4.09 0.92 4.23 0.64 3.16 0.89
Elevation (m) 0.52 0.10 0.33 0.04 0.04 0.02
Moisture (%) 5.37 2.29 8.47 2.48 23.78 2.88
Soil Organic Matter (%) 2.47 0.15 2.42 0.13 2.38 0.51
pH 4.10 0.06 4.24 0.06 4.58 0.20
Sand (%) 93.65 0.58 93.53 0.58 94.58 0.58
elevation gradient from upslope flatwoods pine savannas to titi/cypress swamps, 
mean surface soil moisture increased by more than 18% (Table 1.8). The only surface 
soil characteristics associated with either dimension of the NMMDS ordinations was
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pH. Soil pH was positively associated with dimension 1 for shrubs and negatively 
associated with dimension 2 for herbaceous species (Table 1.7). Over the elevation 
gradient, pH of surface soils increased from 4.1 in upslope savannas to 4.6 in cypress 
swamps (Table 1.8). Surface soil texture (percent sand and clay) was weakly 
associated with dimension 2 for herbs (Table 1.7). Sand content was slightly lower, 
and clay content was slightly higher in seepages than in the other two habitats (Table 
1.8). The directions of change in surface soil characteristics, both pH and texture, 
along the elevation gradient in Florida were the opposite of those changes that 
occurred along the surface soil gradient in Louisiana (cf. Table 1.4).
Discussion
Groundcover Plant Communities
My study indicated that, despite few shared species, groundcover plant 
communities are similarly arrayed along localized elevation gradients in longleaf pine 
savannas at opposite ends of the Gulf coastal plain. Although vegetation patterns 
resulting from quantitative analyses can be strongly influenced by the multivariate 
techniques used, the sampling design and the types of data collected in the field 
(Podani 1989), my results are generally consistent with both qualitative and other 
quantitative descriptions of groundcover plant communities in both the western and 
eastern regions of the Gulf coastal plain (Means and Moler 1979, Clewell 1986, Wolfe 
et al. 1988, Bridges and Orzell 1989, Martin and Smith 1991, Hart and Lester 1993, 
MacRoberts and MacRoberts 1993, Feet and Allard 1993).
Analyses indicated three herbaceous plant communities that were distributed 
in similar ways along elevation gradients in Louisiana and Florida. Abundances of 
herbaceous species sharply defined upslope longleaf pine savannas, mid-slope
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seepage bogs, and lower-slope baygails along elevation gradients of several meters 
in Louisiana. The groundcover in upslope longleaf pine savannas was dominated by 
bluestems, Schizachyrium scoparium and S. tenerum, along with Dichanthelium 
aciculare, Diodia teres, Helianthus angustifolius, Solidago odora, and Stylosanthes 
binora. Typically, many of the most abundant herbaceous species occurred almost 
exclusively in seepage bogs: Centella asiatica, Coreopsis linlfolia, Ctenium 
aromaticum, Drosera brevifolia, Marshallia tenuifolia, Panlcum dichotomum, Rhexia 
iutea, Saracennia a/ata, and Xyris ambigua. Lower-slope baygails contained mostly 
hardwood species. However, Sphagnum spp. and Smilax launfolia were common, and 
other herbaceous species have been noted in lower-slope baygails also (Martin and 
Smith 1991). Similarly, upslope flatwoods longleaf pine savannas, mid-slope seepage 
bogs, and lower-slope titi/cypress swamps occurred along elevation gradients of less 
than a meter in Fiorida. Herbaceous species were more broadiy distributed along the 
elevation gradients, and as a result, plant communities were less discrete than in 
Louisiana. Upslope flatwoods savannas were dominated by Spombolus fioridanus, 
Aristlda beyrichiana, and Rhexia alignas', A. beyrichiana and R. alifanus also were 
abundant in mid-slope seepage bogs. Similar to Louisiana, several species, including 
Centeiia asiatica, Rhexia nuttaiiii/petioiata, Ctenium aromaticum, Drosera capiiiaris, 
Lachnocauion anceps, Poiygaia iutea, and Rhynchospora chapmannii, were 
abundant in seepages. Eriocauion compressum, common in seepage bogs, also was 
abundant in lower-slope titi/cypress swamps, along with Smiiax auriculata and 
Sphagnum spp. Many of the herbaceous species common to mid-slope seepage 
bogs have also been noted as encountered in titi/cypress swamps (e.g., Eriocauion 
decangulare, Sarracenia psittacina\ Coultas et al. 1979, Clewell 1986).
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Local organization of herbaceous plant communities in both Louisiana and 
Florida was associated primarily with the steepness of topographic gradients. 
According to Clewell (1986), water table depth may directly influence vegetation 
patterns. Further, there is an inverse relationship between ground level elevation and 
depth to the water table. In upslope longleaf pine savannas, the water table is 
generally deeper than in lower elevation hydric zones where the water table often 
surfaces such as in mid-slope seepage bogs and lowerslope evergreen shrub zones. 
In addition, ground water tends to move downhill above some impermeable (clay) 
stratum. The speed of this movement is a function of not only the amount of rainfall 
and permeability of the stratum in which the water is held, but the steepness of 
elevation gradients also. The hydrology of these watershed areas can change 
abruptly where elevation gradients are steep. In Louisiana, herbaceous species 
patterns may be influenced by abrupt changes in water table depth, a function of 
steep elevation gradients. In Florida, broader patterns of herbaceous species may be 
influenced by more gradual changes in hydrological regimes, a consequence of 
elevation gradients that are not as steep as in Louisiana.
Herbaceous species patterns may be influenced not only by elevation 
gradients but by differences in surface soil moisture also. Previous studies of plant 
communities in longleaf pine savannas, conducted at statewide, regional scales, have 
suggested that surface soil moisture influences community composition along 
elevation gradients (Harper 1914, Wells 1932, 1942, Marks and Harcombe 1981, 
Abrahamson et al. 1984, Clewell 1986, Christensen 1988, Abrahamson and Hartnett 
1990, Ewel 1990, Platt and Schwartz 1990, Harcombe et al. 1993, Peet and Allard 
1993). Some of these same studies also have suggested relationships between
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differences in other soil characteristics and species associations (Marks and 
Harcombe 1981, Abrahamson etal. 1984, Harcombe etal. 1993, Peet and Ailard 
1993). In this study, I focused on relationships between community structure and 
surface soil characteristics at extremely localized scales, with disparate results. In 
Louisiana, some surface soil properties (texture, organic matter and pH) were 
associated with local differences in species composition and plant communities at 
different elevations. Although relief was less in Florida, there were also differences in 
surface soil moisture along elevation gradients. However, other surface soil 
properties varied little along elevation gradients, aside from a few subtle differences in 
texture and pH. These differences in surface soil characteristics were not strongly 
associated with differences in abundances of herbaceous plant species or the plant 
communities, supporting arguments of Clewell (1986) regarding the relatively 
unimportant nature of soil characteristics in longleaf pine flatwoods of northem 
Florida. Thus, greater differences in elevation (and hence water table depth), coupled 
with differences in surface soil characteristics, may have contributed to the more 
discrete nature of herbaceous plant communities in Louisiana compared to Florida. I 
predict that the structure and distribution of herbaceous plant communities along 
elevation gradients in longleaf pine savannas should invariably be related to ground 
level elevation and surface soil moisture, but not always with other edaphic factors.
The importance of soil properties may be linked to geological history. Soils at 
the Louisiana study sites, which are located considerably farther from the Gulf Coast 
(150 km) than those in Florida (4 km), are older. Development and differentiation of 
soils in older Pleistocene terraces in Louisiana has occurred along steeper elevation 
gradients that are part of a rolling topography produced by appreciable weathering
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and erosion of original marine and fluvial deposits (Walker and Coleman 1987, 
Harcombe et al. 1993, Peet and Allard 1993, Platt 1999). Along the Florida Gulf 
Coast, sediments at higher elevations are more recent Pleistocene-aged bars of 
coarser sand that overlie old embayments of finer sand and days, resulting in minimal 
topographic relief (Brown et al. 1990, Martin and Boyce 1993). Sediments are 
comprised of unconsolidated sands that have been periodically exposed and 
submerged, resulting in extensive reworking of soils (Walker and Coleman 1987,
Stout and Marion 1993). As a result, these recent soils have not undergone a high 
degree of weathering and subsequent differentiation (Clewell 1986, Abrahamson and 
Hartnett 1990, Platt 1999). Differences in surface soil moisture occur along these 
elevation gradients, but are not as acute as in Louisiana. The degree to which 
herbaceous piant communities along elevation gradients in other sites are associated 
with other surface soil properties besides moisture may be a function of the geological 
history and the degree to which soils have differentiated.
Abundances of hardwood species did not result in plant communities sharply 
delineated along topographic gradients in Louisiana and Florida longleaf pine 
savannas. Many shrub species were broadly distributed with respect to elevation and 
surface soil moisture, resulting in plant community designations that were difficult to 
interpret. These results suggest that hardwood species have limited utility in 
delineating local plant communities in southeastem pine savannas. Previous studies 
have either used a combination of herbaceous and woody species (Abrahamson et al. 
1984, Peet and Allard 1993) or have used mostly woody species sampled over larger 
areas to establish vegetation-environment relationships (Marks and Harcombe 1981, 
Ewel 1990, Harcombe etal. 1993).
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Shrub species generally do not occur exclusively in upslope pine savannas, 
mid-slope seepage bogs, or lower-slope evergreen shrub zones, even when 
herbaceous species are used to classify sample data. Although Uquidambar 
styraciflua, Rhus copallinum, Quercus incana, Vaccinium arboreum, and V. 
stamineum were found exclusively in upslope longleaf pine savannas of Louisiana, 
Magnolia virginiana and Myrica cerifera were encountered both in uplands but in mid­
slope seepage bogs. Ilex coriacea, Myrica heterophylla, Persea borbonia, and Pyms 
arbutlfolla were abundant in both seepage bogs and lower-slope baygails. 
Distributions of several shrub species are postulated to have expanded, particularly 
from lower-slope baygails into seepage bogs. They include not only Ilex coriacea, 
Myrica heterophylla, Persea borbonia, and Pyrus arbutlfolla (this study), but Magnolia 
virginiana. Toxicodendron vemix. Viburnum nudum, Vaccinium fuscatum, Calllcarpa 
americana, and others also (Martin and Smith 1991). In Florida, Gaylussacia dumosa, 
G. frondosa, and Ilex glabra were abundant both in upslope flatwoods and mid-slope 
seepage bogs, along with Cyrilla racemiflora, a dominant species in titi/cypress 
swamps. No shrub species were unique to seepage bogs, although several shrub 
species were unique to titi/cypress swamps, including Cllftonia monophylla. Ilex 
myrtlfolla, Itea virginiana, Leucothose racemosa, and Plan's phlllyrelfollus. Broad, 
highly variable shrub species distributions particularly between mid-slope seepage 
bogs and lower-slope titi/cypress swamps have been noted (Folkerts 1982, Wolfe et 
al. 1988, Abrahamson and Hartnett 1990), especially Cyrilla racemiflora and species 
of Lyonia (Ewel 1990).
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Vegetation Patterns and Alterations of Fire Regimes
Many seepage bogs, as well as titi/cypress swamps (Florida) and baygails 
(Louisiana), have been termed shrub bogs. Shrubs classified my Louisiana and 
Florida data into associations that were difficult to interpret and very different from 
communities defined using herbs. Such patterns to the distribution of hardwood 
species along elevation gradients were not strongly associated with local 
environmental characteristics. I, along with others, hypothesize that groundcover plant 
communities have been affected by shrub encroachment following alterations of 
natural fire regimes (Wharton etal. 1977, Coultas etal. 1979, Means and Moler 1979, 
Folkerts 1982, Wolfe etal. 1988, Ewel 1990, Martin and Smith 1991). I further 
hypothesize that site-specific patterns of fire management may influence the tendency 
for shrubs to occur in one or more of the communities defined using herbaceous 
species. In Louisiana, many shrub species were abundant both in baygails and mid­
slope seepage bogs. These hydric communities often have been too wet in winter for 
dormant season fires to bum extensively into these areas and topkill shrubs. Little 
encroachment occurred from upslope pine savannas down into seepages and 
baygails, perhaps because prescribed fires have burned upslope communities 
frequently, limiting downslope shrub expansion. In addition, ground level elevation 
(as it relates to water table depth), surface soil moisture, and other edaphic factors 
may be sufficiently different between upslope and downslope areas to slow or prevent 
encroachment of some more xerically-adapted shrubs (e.g., Rhus copallinum). In 
Florida, however, shrubs from both upslope flatwoods longleaf pine savannas and 
lower-slope titi/cypress swamps were abundant in seepage bogs. Many old fire lanes 
typically occurred upslope from my plots; these fire lanes were used to prevent fires in
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the upslope flatwoods pine savannas from burning into downslope areas (that now 
contain my plots) for several decades after prescribed fire was first used on the St. 
Marks National Wildlife Refuge. Once fires were reintroduced into areas downslope 
from the fire lanes, winter fires were used; these only infrequently burned into 
seepage bogs and titi/cypress swamps. Thus, site-specific differences in low intensity 
winter fires, especially those likely to bum into lower, wetter areas only infrequently, 
may change the distribution of shrubs along elevation gradients in slightly different 
ways in different sites in the Gulf coastal plain.
I suggest that shrub and herbaceous groundcover plant species have 
responded in different ways to changes in fire regimes along elevation gradients in 
southeastem pine savannas over the past half century or more. Changes in 
herbaceous and shrub groundcover as a function of differences in environmental 
conditions and fire regimes are presented conceptually in four panels of Figure 1.6. 
Panels on the left depict communities under postulated conditions of natural fire 
regimes (frequent, lightning-season fires), and panels on the right depict communities 
under conditions of fire suppression followed by dormant season buming. Upper 
panels represent herbaceous species, and bottom panels represent hardwood shrub 
species. In each panel of Figure 1.6, groupings of vegetation pattems are depicted as 
circles or ellipses occurring in upslope regions (1), mid-slope seepage zones (2), and 
lower-slope headwaters drainages (3). Depiction, arrangement, and number of 
groups are based on vegetation pattems from ordination diagrams in this study.
Under conditions of natural fire regimes, herbaceous species are predicted to 
be grouped into generally well-defined communities separated along the elevation 
gradient (Fig. 1.6a). Similar to my ordinations of Louisiana and Florida herbaceous
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Fig. 1.6: Conceptual model predicting pattems of organization of (1) upslope longleaf 
pine savannas, (2) mid-slope seepage bogs, and (3) lower-slope evergreen shrub 
zones using a) herbaceous species under natural fire regimes, b) herbaceous species 
under conditions of fire suppression followed by dormant season fires, c) shrub 
species under natural fire regimes, and d) shrub species under conditions of fire 
suppression followed by dormant season fires. "Steepness of elevation" refers to 
elevation gradients of varying grade. "Elevation" refers to an elevation gradient. 
"Natural fire regimes" refers to lightning-initiated, early growing season (May-June) 
fires that predictably occur every 2-5 years.
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species abundance data, the distinctiveness of communities is predicted to depend 
on the steepness of the elevation gradient and the importance of surface soil 
characteristics. If the elevation gradient is minimal and surface soil characteristics are 
not very important, then the distribution of species will result in communities similar to 
those occurring in Florida longleaf pine savannas (lower part of Fig. 1.6a). These 
herbaceous plant communities are represented as ellipses, suggesting compositional 
variation within communities along the elevation gradient. In addition, the ellipses 
overlap one another suggesting that herbaceous species distributions may have been 
broader than my results suggest in this study. Under natural fire regimes, 
abundances of shrubs may have been less than current levels resulting in increased 
abundance and expansion of herbaceous species distributions. As steepness of 
elevation gradients increases and differences in surface soil properties become more 
important, the ellipses representing herbaceous communities are predicted not only to 
separate, but to become more circular, amplifying compositional predictability and 
uniqueness within and between each of the community types. These pattems are 
similar to my delineation of herbaceous plant communities In Louisiana (upper part of 
Fig. 1.6a). Currently, shrubs in Louisiana are not as abundant as those in Florida. I 
postulate that current abundances and distributions of Louisiana herbaceous species 
may be a more or less accurate reflection of conditions under natural fire regimes. 
Appreciable changes to community structure following a decrease of shrubs under 
natural fire regimes are not expected.
Responses of herbaceous plant communities to conditions of fire suppression 
followed by dormant season fires represent a summary of my ordinations of 
herbaceous species abundance data (Fig. 1.6b). Herbaceous plant species have not
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changed location along the gradient in response to these anthropogenic 
perturbations. However, years of fire suppression and fuel accumulation followed by 
dormant season fires may have resulted in a narrowing of herbaceous species 
distributions in Florida (compare the lower part of Fig. 1.6b with Fig. 1.4b).
Conversely, distributions of herbaceous species in Louisiana may be more accurate 
reflections of presettlement conditions (compare upper of Fig. 1.6b with Fig. 1.2b).
Hardwood groundcover communities might be somewhat distinct when natural 
fire regimes are not disrupted (Fig. 1.6c). Ellipses representing hardwood 
communities in upsiope, midsiope, and downslope regions are depicted as larger and 
having more overlap, more than those for herbaceous species (Fig. 1.6a). Shrubs are 
not as sensitive as herbaceous species to changes in environmental gradients. 
Nonetheless, I suggest that distributions of hardwood species, and thus of the 
hardwood communities, may become more discrete as the steepness of the elevation 
gradient increases and influences surface soil moisture dynamics and other edaphic 
factors. Greater relative differences in local environmental conditions along such 
gradients may slow shrub encroachment, and possibly result in distributions of 
species being constrained by frequent lightning-season fires. Years of fire 
suppression and winter buming now characterize essentially all longleaf pine 
savannas. As a result, distributions of hardwood species are predicted to have 
expanded along elevation gradients in longleaf pine savannas, even if lightning- 
season fires have been reintroduced (Fig. 1.6d). Shrub communities in such areas 
may become blurred to the point of being more difficult to discem as was the case in 
my study. Also, shrubs may not be as sensitive as herbaceous species to the 
steepness of elevation gradients; ordinations and classifications in my Louisiana and
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Florida study areas were similar (compare Fig. 1.6d to Fig. 1.3 and Fig. 1.5). Based 
on species that were found exclusively in Louisiana upslope savannas such as Rhus 
copallinum, however, shrub encroachment may be less extreme from upslope regions 
into seepage zones where elevation gradients are steeper and differences in ground 
level elevation, surface soil moisture, and other edaphic factors are appreciable.
My conceptual depiction of the effects of environmental characteristics and fire 
regimes on the groundcover in longleaf pine savannas shows one way that current 
observed pattems of community structure may be related to two important functional 
processes. These hypothesized relationships lead to, two emergent results that may 
have heuristic value for understanding savanna community structure and change as a 
result of human actions. First, as indicated by the left side of Figure 1.6, both 
herbaceous and shrub species are predicted to be organized into communities under 
conditions of natural fire regimes. The extent to which shrubs and herbs respond to 
the same environmental characteristics is unknown. Herbaceous and hardwood 
communities may be coincident, especially in Florida where ground level elevation 
and surface soil moisture appear important. However, in older longleaf pine savannas, 
such as those in Louisiana, other surface soil characteristics were suggested to 
influence the distribution of herbaceous, but not hardwood species. Thus, coincidence 
of herbaceous and shrub groundcover communities under conditions of natural fire 
regimes may depend on the relative importance of environmental variables such as 
surface soil characteristics to each group. Second, as indicated by the right side of 
Figure 1.6, different responses of herbaceous and hardwood communities are 
predicted to have occurred as a result of changes in fire regimes. Distributions of 
herbaceous species such as those in Florida may have contracted as a result of fire
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suppression followed by dormant season buming; In contrast, distributions of 
hardwood species may have expanded. Neither group of species, therefore, may be a 
very reliable Indicator of the composition or structure of the original pine savanna 
groundcover under conditions of altered fire regimes.
49
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2
EFFECTS OF EXPERIMENTAL FIRES ON RESPROUTING OF SHRUBS IN 
SOUTHEASTERN LONGLEAF PINE SAVANNAS
50
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Introduction
Natural fire regimes, a function of regional synoptic weather conditions and the 
type, amount, and condition of fuels, influence the dynamics of vegetation in 
terrestrial ecosystems worldwide (Komarek 1974, Kozlowski and Ahlgren 1974, 
Crawley 1986, Johnson 1992, Glitzenstein etal. 1995, Frost 1998). Natural fire 
regimes that involve frequent fires, every few years to decades, occur naturally in 
ecosystems such as Califomia chaparral (Keeley and Zedler 1978, Keeley 1992, 
Minnich and Bahre 1995), southwestern Texas grasslands (Ansley and Jacoby 1998), 
southeastem longleaf pine savannas (Walker and Peet 1983, Waldrop etal. 1992, 
Glitzenstein etal. 1995, Olson and Platt 1995), New Jersey pine barrens (Boemer 
1981, Matlacke/a/. 1993), Mediterranean heathlands (Ojeda etal. 1996), Australian 
wet-mallees (Davies and Myerscough 1992), West African lamto savannas (Gignoux 
etal. 1997), and Venezuelan savannas (Silva etal. 1991). Many plants indigenous to 
these fire-prone ecosystems survive frequent fires (Bullock 1989, Hobbs and 
Gimingham 1994, Glitzenstein etal. 1995, Ojeda etal. 1996, Whelan 1996).
Individual fires, however, influence reproduction (Auld and Myerscough 1985, Platt et 
al. 1988a, Platt etal. 1991, Brewer and Platt 1994, Bradstock 1995, Brewer 1995, 
Grigore and Tramer 1996), as well as the age/size structure of plant populations, 
based on the relative importance of post-fire recruitment from seeds and resprouting 
(Keeley and Zedler 1978, Moreno and Oechel 1991, Keeley 1992, Goto etal. 1996). 
Further, evolution of plant life histories in fire-frequented ecosystems may result in 
characteristics of key species that affect the demography of plant populations and 
influence ignition or flammability, increasing or decreasing the likelihood of recurrent, 
predictable fires {sensu Mutch 1970, Platt 1999).
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Shrubs are integral components of fire-prone ecosystems. The most studied 
aspect of the demography of shrubs in fire-frequented ecosystems is survival and 
resprouting. Shrubs native to fire-frequented ecosystems are commonly top-killed by 
fire, but resprouting occurs, and plants regrow above-ground parts (Keeley and Zedler 
1978, Lopez-Soria and Castell 1992, Keeley 1992, Matlack et a i 1993, Hobbs and 
Gimingham 1994, Olson and Platt 1995). Characteristics of shrubs indigenous to fire- 
prone ecosystems also have been recognized as influencing their responses to 
frequent fires. These species often survive repeated fires through heat-resistant 
epicormic buds or belowground organs, such as lignotubers, root crowns, rhizomes, or 
lateral roots containing dormant buds (Keeley and Zedler 1978, Kauffman and Martin 
1990, Pate et al. 1990). As a result, rapid resprouting and regrowth, as well as 
flowering and recruitment, may occur following fires. These responses are recognized 
not to be the same for all species of shrubs following ali fires; inherent variation 
among fires or in species characteristics may influence responses to fires (LeMaitre 
and Brown 1992, Olson and Platt 1995).
Variation in characteristics of fires have been repeatedly hypothesized to 
influence survival and resprouting by shrubs. The frequency and seasonal timing of 
fires, in particular, influence mortality and resprouting of woody species native to fire- 
prone ecosystems (Hughes and Knox 1964, Grano 1970, Boyer 1990, Kauffman and 
Martin 1990, Davies and Myerscough 1992, Waldrop etal. 1992, Matlack etal. 1993, 
Streng etal. 1993, Bradstock 1995, Glitzenstein etal. 1995, Olson and Platt 1995, 
Fuhlendorf et al. 1996, Ansley and Jacoby 1998). Fire intensity also affects 
resprouting and seed germination. Because fire intensity varies with fire frequency 
and season, as well as with plant species flammability, fuel composition, and moisture
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content of fuel and air, a range of responses of shrubs can be expected (Rothermel 
1972, Hassan and West 1986, Moreno and Oechel 1991). Nonetheless, in many fire- 
frequented habitats, fire suppression has resulted in proliferation of woody species, 
whose distributions have expanded across community types (Hennessy et al. 1983, 
Amo and Gruell 1986, McPherson etal. 1988, Martin and Smith 1991, Neldner ef a/. 
1997, Platt 1999, Gilliam and Platt 1999).
Shrub populations may be affected not only by characteristics of individual 
fires and inherent characteristics of the shrub species themselves, but also by 
variation in habitat characteristics. Such characteristics within a given type of 
ecosystem may change regionally (e.g. Brewer 1995), as well as locally (e.g. Olson 
and Platt 1995), affecting the demography of shrubs. They also may interact with 
characteristics of fires or species to produce different effects on the demography of 
shrubs. For example, in an annually burned Midwestern tallgrass prairie, total legume 
density was higher on lowland than on upland soils, consistent with differences in 
edaphic conditions (Towne and Knapp 1996). Resprouting of shrubs was less, but 
occurred more rapidly in seepage bogs than in drier, upland longleaf pine savannas 
following one year after growing season fires (Olson and Platt 1995). Moreover, 
successive fires may produce different effects than individual fires in different 
habitats. Observed responses to variations in fire characteristics have not usually 
been conducted under controlled experimental conditions that can tease apart these 
possible causes of differences in the demography of shrubs. Thus, there has been 
confounding of effects, not just of different fire characteristics, but also of habitat and 
species characteristics and of single versus multiple fires in most studies of the effects 
of fires on shrubs (see Glitzenstein et al. 1995 for examples involving pine savannas).
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I conducted a four year, experimental study of the effects of differences in 
habitat, fires, and species on resprouting of shrubs following fires in southeastem 
longleaf pine savannas. I examined the effects of regional differences in habitats by 
conducting my study in longleaf pine savannas at opposite ends of the Gulf coastal 
plain, in western Louisiana and northem Florida. Within each of these geographic 
regions, I used two similar types of local habitats by establishing plots located along 
replicated transects spanning elevation gradients of a few meters. These habitats 
have been described as upslope savannas and downslope seepages found in 
headwater regions of drainages (Means and Moler 1979, Clewell 1986, Wolfe et a i 
1988, Olson and Platt 1995). I examined differences in fire season by buming 
replicated areas containing both habitats in either the dormant or growing season. 
Two successive fires, conducted two years apart, were appiied to each area, enabling 
us to measure the effects of single and successive biennial fires at a given season on 
resprouting of shrubs. I established quadrats along transects running downslope in 
each area, tagged and identitifed stems of all shrubs, and measured survival over the 
four year period. My experimental design and layout in the field enabled us to assess 
the effects of regional and local differences in habitats (upslope savannas and 
downslope seepages), the effects of characteristics of fires (dormant and growing 
season fires; single versus repeated fires; differences in fire intensity), and 
differences in species characteristics (root crown versus rhizomatous species; woody 
versus suffrutescent species) on resprouting of shrubs foliowing fires. Thus, I was 
able to tease apart some of the various postulated causes for differences in 
responses of shrubs to frequent fires.
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Methods 
Study Sites
I used study sites located in both the western and eastern Gulf coastal plain. 
Sites in the west Gulf coastal plain were longleaf pine savannas located on rolling 
karst topography in the Vernon District of the Kisatchie National Forest, Vernon 
Parish, Louisiana (Latitude 31 °N, Longitude 93°W; 75-90tn above mean sea level). 
Sites in the eastern Gulf coastal plain were longleaf pine savannas located along 
Pleistocene stream channels of the Ochlockonee River in the Panacea Unit of the St. 
Marks National Wildlife Refuge, Wakulla County, Florida (Latitude 30°N, Longitude 
84.5°W; 1-2m above mean sea level). Hereafter, I refer to these west and east Gulf 
coastal plain sites as LA or FL, respectively.
The two geographic regions studied are similar in that they have elevation 
gradients that characterize local sites. Upslope regions are characterized by porous, 
weathered soils that are drained readily and generally do not flood. Seepages form 
downslope in areas where water seeps onto hiilsides from small underground, often 
intermittent springs. These are recharged when rainwater percolates through sandy, 
upslope savanna soils and eventually moves laterally down a sloping gradient created 
by a subterranean layer of impermeable clay (Martin and Smith 1991), seeping out of 
the hillsides where the clay soil layer is relatively close to the surface (Olson and Platt 
1995). Similar well-drained upslope soils containing longleaf pine savannas and mid- 
or downslope soils containing seepage savannas/bogs are arrayed along elevation 
gradients in headwater areas throughout southeastem Gulf and Atlantic coastal plain 
drainages (Means and Moler 1979, Clewell 1986, Bridges and Orzell 1989, Martin and 
Smith 1991, Hart and Lester 1993, Olson and Platt 1995).
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These two geographic regions differ in ages since last emergence above sea 
level, in soil types, and local elevations. Upslope pine savannas in west Gulf coastal 
plain sites were located on well drained, highly weathered, nutrient poor, sandy loams 
(Bridges and Orzell 1989, Martin and Smith 1991, Hart and Lester 1993, Olson and 
Platt 1995). Sediments are of Tertiary and Quatemary origin, superimposed on 
Paleozoic and Precambrian rock (Murray 1961, Hart and Lester 1993). The soils 
(Ultisols or Alfisols) are classified as Arenic Paieuduits, Typic Hapludults, Typic and 
Vertic Hapludalfs, or Typic Albaquaifs (Bridges and Orzell 1989, Hart and Lester 
1993). Downslope seepages, distributed patchily in the landscape, typically are 
several meters lower in elevation and form the headwaters of drainages. The loamy, 
fine sandy soils of the Osier Series (Entisols) in seepages are of Pleistocene origin 
and tend to be poorly drained, nutrient poor and strongly acidic (Martin and Smith 
1991, Hart and Lester 1993). Both upslope pine savannas and downslope seepages 
in east Gulf coastal plain sites contain often waterlogged, well-leached, acidic, sandy 
soils (Entisols) classified as Humaqueptic Psamments or Aquic Quartzipsamments, 
usuaily of the Scranton and Ridgewood series (Clewell 1986, Platt ef a/. 1988a, 
Abrahamson and Hartnett 1990, Glitzenstein etal. 1995). Upsiope longieaf pine 
flatwoods savannas tend to be <1 m higher in elevation than downslope seepages; 
the latter have a longer hydroperiod (Clewell 1986).
Different groundcover floras have been described for upslope and seepage 
habitats in the two regions (e.g., Clewell 1986, Wolfe etal. 1988, Bridges and Orzell 
1989). Longleaf pine [Pinus palustris) is commonly the dominant overstory tree in the 
uplands at both sites. Grasses, especially Schizachyrium scoparium (little bluestem) 
in LA and Aristlda beyrichiana (wiregrass; Peet 1993) in FL, are the most abundant
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components of the ground cover in upsiope longieaf pine savannas. Large numbers 
of forbs also commonly are present in small areas of these pine savannas (Vog11973, 
Peet and Allard 1993, Platt 1999). In addition, shrubs are integral components of the 
ground cover (Harcombe etal. 1993, Peet and Allard 1993, Rebertus etal. 1993, 
Olson and Platt 1995). Trees tend to be sparse in seepage bogs; shrubs are present 
and may form evergreen shrub zones downslope from seepages (Coultas et al. 1979, 
Clewell 1986, Brooks et al. 1993). The ground cover contains abundant grasses and a 
diverse herbaceous flora that includes species of Drosera (sundews), Sarracenia 
(pitcher plants), Pinguicula (buttenvorts) and Eriocauion (hat pins) that commonly 
differ between LA and FL sites (Means and Moler 1979, Folkerts 1982, Wolfe et al. 
1988; Bridges and Orzell 1989).
Both LA and FL study sites have somewhat similar land histories. Pines at 
both sites were logged more than 60 years ago. However, there is no obvious 
disruption of the soils in the specific areas i studied (Platt etal. 1988a, Olson and 
Platt 1995). Moreover, species composition of the ground cover resembles that in 
extant patches of old growth longleaf pine savannas (Wells and Shunk 1931, Hebb 
1957, Platt etal. 1988a, Hart and Lester 1993). Fires were suppressed in both areas 
in the 1930's-1940's, and both have been intermittently burned in the winter during the 
latter half of this century. During this time, fire lanes were commonly placed around 
drainages in the FL sites, but not the LA sites. Thus, fire suppression almost certainly 
occurred for a considerably longer period of time in FL than LA as a result of these 
local differences in fire management.
Alterations of fire regimes (fire suppression and dormant season fires) have 
been repeatedly suggested to have resulted in a proliferation of hardwood species
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(Heyward 1939, Curtis 1956, Komarek 1974, Boyer 1990, Platt and Schwartz 1990, 
Platte/a/. 1991, Robbins and Myers 1992, Waldrop etal. 1992, Gilliam etal. 1993, 
Streng et al. 1993, Glitzenstein et al. 1995). Historically, longleaf pine savannas were 
maintained by predictably frequent (every 2-5 years) lightning season fires 
(Glitzenstein etal. 1995, Platt etal. 1991, Platt 1999). These fires most often 
occurred during rain-free periods of the early growing season (usually May-June), 
when high frequencies of lightning strikes were likely to ignite fires that spread 
through dried vegetation (Komarek 1974, Pyne 1982, Platt etal. 1988a, 1988b, Olson 
and Platt 1995, Platt 1999). These natural fire regimes have been hypothesized to 
reduce densities and cover of hardwood species more effectively than anthropogenic 
dormant season fires (Williamson and Black 1981, Glitzenstein etal. 1995, Olson and 
Platt 1995). However, these results apply almost exclusively to trees (stems > 2cm 
dbh); most studies have neglected shrub species found in the groundcover. In 
addition, shrubs may differ in the extent to which woody tissue is produced and in the 
type of underground tissues that are involved in resprouting; differences in responses 
of shrubs to fires as a function of such characteristics have not been examined. 
Furthermore, very little is known about the effects of repeated fires at different 
seasons on resprouting of shrubs (but see Waldrop et al. 1992, Olson and Platt 
1995).
Experimental Design and Field Data Collection
I utilized a completely randomized split plot (upslope savannas, downslope 
seepages) with repeated measures (time) experimental design at each of eight 
replicated sites (plots) within LA and FL (geographic region) (Fig. 2.1). Each plot was
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Fig. 2.1: A timeline of treatments and measurements made in plots burned in the 
dormant (upper) and growing (lower) seasons during the study. Each plot is illustrated 
as a diagrammatic rectangle containing two transects, each with quadrats arrayed 
along a transect running from upslope savannas into seepages. The timeline runs 
from left to right, beginning with initial pretreatment measurements of densities of 
shrubs (covariate) in quadrats in 1994. Subsequently, plots were burned in either the 
dormant or growing season of 1994 (Fire One). Shrub densities were remeasured in 
1995 one year after fires (Census 2 or Post-Fire 1) and in 1996 two years after fires, 
but before the second fires (Census 3). Plots were rebumed in 1996 in the same 
season as they were burned previously (Fire 2). Shrub densities were remeasured In 
1997 one year after the second fires (Census 4 or Post-Fire Two).
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30m X 80m and encompassed an upslope longleaf pine savanna and downslope 
seepage habitat along the long axis of each plot. Starting points of two transects 
were randomly selected along the short axis of each plot located in an upslope 
longleaf pine savanna. From those starting points, transects were run downslope, 
parallel to the long axis of the plot. One quadrat was located every 10 meters along 
each transect. In LA, I employed 1m x 1m quadrats. In FL, only 1m x 0.5m quadrats 
were used in upslope savannas because of large densities of shrubs. In seepages, 
however, 1m x 1m quadrats were used. Within each iquadrat, woody stems (all of 
which were <2cm diameter) were identified to species and tagged in an initial census. 
Nomenclature followed Godfrey (1988).
Fire season was randomly assigned to plots. Each plot was burned by two 
successive dormant or growing season fires (Fig. 2.1). Immediately prior to each 
experimental fire, a set of Tempil heat sensitive tablets, individually wrapped in two, 
6.3cm X 6.3cm pieces of heavy duty tinfoil and strung on wires 15cm above ground 
level, was placed in each quadrat to measure maximum fire temperature at that 
elevation (Big Three Industries, Inc., Tempil° Division, SouthPlainfield, NJ). Each set 
was comprised of a series of tablets designed to melt at 48°C, 132°C, 212°C, 302°C, 
371°C, 454°C, 538°C, 621°C, 704°C, 732“C, 843°C, 954°C, 1038“C, 1149°C, and 
1232°C. In both LA and FL; four plots were burned during the 1994 dormant season 
(January). In the growing season of 1994 (June), the four remaining plots were 
burned (Fig. 2.1). Prescribed bums were head fires that were initiated in upslope 
savannas and burned naturally into downslope seepages. Tablet sets were collected 
immediately after prescribed bums. Tablets were scored as melted if any portion was 
melted or heavily charred. Wrapping tablets in tinfoil raises the ambient temperature
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at which tablets melt. Following the procedures of Platt et al. (1991), as well as 
Hobbs etal. (1984), I determined actual melting temperatures of tinfoil wrapped 
tablets using a 30-second heat exposure In a muffle furnace. Using the regression 
equation, Y = 1.24X + 25.63 where Y = Actual melting temperature (°C) and X = 
Tempil temperature rating (°C) (p = «0 .001 , r^= 0.999), melting temperatures were 
adjusted for the aluminum foil wrapping (85°C, 189°C, 289°C, 400°C, 486°C, 589°C, 
693°C, 796“C, 899°C, 933°C, 1071°C, 1209°C, 1313“C, 1450°C, and 1553°C 
respectively; also see Platt etal. 1991).
Quadrats were recensused for changes in shrub density, attributed entirely to 
recruitment through resprouting, 12 months following the first dormant season fires, 
and 12 months following the first growing season fires (Fig. 2.1). All shrub stems from 
the Initial census were topkllled by the first set of prescribed bums. Thus, resprouts 
were tagged and Identified to species In each quadrat. Following the first set of fires, 
only one randomly selected half of each quadrat (0.5m x 0.5m) In FL upslope 
savannas was recensused because of even larger numbers of resprouts In plots. In 
all LA plots and In seepages In FL, 1m x 1m quadrats were used throughout the 
study. Changes In shrub density were recensused two years after dormant season 
fires and two years after growing season fires (Census 3). In this census, changes In 
shrub density were attributed to survivorship (from the previous census) and 
recruitment through resprouting. In Census 3, shrub densities did not change 
appreciably from the last census (93% of shrub stems survived the second year 
following fires, and recruitment through resprouting was only 4%; Appendix 1).
Each plot was burned a second time In 1996 during the same season as It was 
burned In 1994. Dormant season plots were burned In January, 1996. In FL the
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growing season bum plots were rebumed In June, 1996. In LA, however, growing 
season bum plots were bumed towards the end of July, 1996; dry conditions in June 
followed by excessively wet conditions during most of July resulted in delays in the 
fires in these plots. Prior to the second experimental fires, heat sensitive tablets were 
placed in plots to measure maximum fire temperature in each quadrat along transects. 
One year after the second dormant season bums and one year after the second 
growing season bums, quadrats were recensused for resprouting of shrubs; all stems 
prior to the second fires were topkilled (Fig. 2.1). My experimental design does not 
use an experimental "control" of no fire. I compared responses of shrubs to repeated 
fires conducted in different seasons rather than to conditions of fire or no fire (Platt et 
al. 1988a, Glitzenstein etal. 1995).
Statistical Analvses
I compared collective changes in densities of shrubs to experimental 
treatments between LA and FL. I pooled numbers of stems across species and then 
analyzed temporal changes in densities of pooled shrubs in response to experimental 
treatments by fitting mixed linear models to the data using PROC MIXED in SAS 
(Version 6.11; SAS Institute 1989). Since multiple measurements were taken on the 
same experimental units over time and those repeated measurements were 
correlated, mixed linear models provided the flexibility for modelling not only mean's, 
but also the variance-covariance structure. Using Akaike's Information Criterion and 
Schwarz's Bayesian Criterion, reasonable analytical solutions were consistently 
achieved using an autoregressive variance-covariance structure of the first order 
(SAS Institute 1989). Differences between specific treatment combinations were 
examined using conservative, Tukey-Kramer pairwise comparisons. To meet model
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assumptions, shrub stem densities were natural-log transformed (n+1 stems); pre­
bum shrub stem densities (Census 1) served as a covariate.
Changes in shrub stem densities were analyzed in the same way but were 
grouped according to the morphological form of underground organs. My shrub data, 
comprised of only those species bearing rhizomes and root crowns, were analyzed for 
each geographic region separately, and "morphology" was added as an additional 
treatment. Insufficient sample sizes prevented us from including shrubs possessing 
lignotubers.
Within FL, temporal responses of individual species to fire treatments were 
analyzed parametrically and nonparametrically (using rank data) within plant 
communities. Responses of Gaytussacia dumosa, G. frvndosa, Hypericum 
microsepalum, Ilex glabra, Quercus minima, Q. pumila, and Vaccinium myrsinites 
were examined in upslope savannas; responses of Cyrilla racemifiora, Myrica 
hetemphylla, and two suffrutescent species, H. microsepalum, H. brachyphyiium, 
were examined in downslope seepages. All remaining species were pooled into an 
"infrequent" group and their collective responses to fire treatments were analyzed in 
the same way within upslope pine savannas and downslope seepages. These 
suffrutescent species are subshrubs that tend to have a low stature and are woody, at 
least at the base (Godfrey 1988). In LA, individual species responses to experimental 
treatments were not analyzed because of small sample sizes.
Effects of fire season and habitat on maximum fire temperature as well as 
relationships between maximum fire temperature and shrub responses to fire were 
examined. Using PROC GLM in SAS, an analysis of variance was used to examine 
effects of fire season and habitat separately on maximum fire temperature in each
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
geographic region. Anaiyses were conducted after both expérimentai fires. After 
adjusting for pre-bum shrub densities (treated as a covariate), linear relationships 
between pooled densities of shrubs and maximum fire temperatures were analyzed 
for each fire season in each geographic region using PROC REG for 1) upslope 
savannas after a first set of experimental bums, 2) downslope seepages after a first 
set of experimental bums, 3) upslope savannas after a second set of experimental 
bums, and 4) downslope seepages after a second set of experimental bums. Where 
significant relationships occurred, linear relationships were examined more specifically 
based on differences in morphology of underground organs and on individual species. 
Diagrammatic representation of linear relationships between shrub responses to fire 
treatments and fire temperatures are presented as partial residual regression plots. 
Here, shrub densities are presented as natural log-transformed residuals after 
adjusting for prebum shrub densities (covariate), a result of regressing shrub density 
versus the covariate. Similarly, fire temperatures are presented as residuals after 
regressing fire temperatures versus the covariate.
Shrub responses to experimental treatments are presented for only the first 
year after prescribed fires: Census 2 and Census 4 (hereafter referred to as Post-Fire 
1 and Post-Fire 2 respectively; Fig. 2.1). Again, all shrub stems were topkilled 
following each set of fires, so densities in these censuses are a result of resprouting. 
Resprouting responses to fire occur within one year (Abrahamson 1984, Matiack et ai 
1993, Oison and Platt 1995). Also, treatment mean responses are presented in terms 
of Least Squares Means of shrub densities (number of stems/m^) (LS Means; SAS 
institute 1989) that have been back-transformed to provide a more intuitive 
interpretation of shrub responses. LS Means represent estimates of treatment
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responses after adjusting for the covariate (initial pre-bum number of stems). That is, 
they are estimates of treatment responses if pre-bum shrub densities in each quadrat 
were equal to the overall mean of the covariate. They are not meant to represent 
absolute numbers of stems. Error bars in figures represent 95% confidence intervals 
of those estimates.
Results
Effects of Treatments on Densities of Shrubs (All Species Combined)
Similar numbers of stems, but different species of shrubs occurred in LA and 
FL (Appendix 2). Of the 20 shrub species in LA, 15 occurred in uplands and 11 in 
seepages. Densities of Myrica cerifera, Rubus spp., Vaccinium arboreum, and V. 
elliottii, were >1 stem/m^ in upslope savannas. Myrica cerifera was equally abundant 
in downslope seepages; densities of several other species, including Ilex coriacea, 
Myrica heterophylla. Magnolia virginiana and Hypericum crux-andreae were >1 
stem/m^ in seepages. In FL, 19 of the 26 species of shrubs occurred in upslope 
savannas; densities of 13 of these species were >1 stem/m*. Eleven species, Clethra 
alnlfolia, Gaylussacia dumosa, G. frondosa, G. mosieri, Hypericum microsepalum. Ilex 
coriacea, I. glabra, Lyonia luclda, Quercus minima, Q. pumila, and Vaccinium 
myrsinites, were present at densities >4 stems/m .^ Of the 22 species in FL seepages,
11 were present at densities >1 stem/m^. Five, Cyrilla racemifiora, G. mosieri, 
Hypericum brachyphyiium, H. microsepalum, and Ilex glabra were present at densities 
of >4 stems/m^.
Densities of shrubs varied with geographic region. Shrub densities were 43% 
greater in FL than LA after adjusting for the covariate (p = 0.002; Table 2.1). 
Nonetheless, shrub densities were similar between upslope savannas and downslope
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Table 2.1: Mixed linear model analysis of covariance of densities of shrub stems (all 
species combined). Type III F-statistics and p-values are based on likelihood 
estimations rather than sums of squares. Densities (n + 1) were natural log- 
transformed before analysis. The covariate represents shrub densities in quadrats (n 
+ 1) at the onset of the study. NDF: numerator degrees of freedom; DDF: 
denominator degrees of freedom. Geographic region: Louisiana and Florida; Fire 
Season: growing and dormant season fires; Habitat: upslope savannas and 
downslope seepages; Time: censuses conducted before and one year after each of 
two fires in each plot; Plot: replicated areas wnthin each region containing upslope 
savannas and downslope seepages and that were burned as units; Quadrat: 
sampling units within plots arrayed along transects extending from upslope savannas 
into downslope seepages.
Source of Variation NDF DDF Type ill F P
Covariate (initial density of stems/quadrat/plot) 1 274 439.39 <0.001
Geographic Region (LA x FL) 1 10 17.08 0.002
Fire Season (growing X dormant season) 1 10 16.59 0.002
Geographic Region x Fire Season 1 10 2.57 0.140
Plot (Geographic Region x Fire Season) 10
Habitat (upslope savannas x downslope seepages) 1 10 0.53 0.482
Geographic Region x Habitat 1 10 5.24 0.045
Habitat x Fire Season 1 10 5.98 0.034
Geographic Region x Habitat x Fire Season 1 10 0.03 0.877
Habitat x Plot (Geographic Region x Fire Season) 10
Time (censuses: initial, post-fire one and two) 2 274 2.39 0.093
Geographic Region x Time 2 274 2.96 0.054
Fire Season x Time 2 274 2.66 0.072
Geographic Region x Fire Season x Time 2 274 1.95 0.145
Habitat x Time 2 274 0.38 0.683
Geographic Region x Habitat x Time 2 274 1.05 0.351
Habitat x Fire Season x Time 2 274 11.63 <0.001
Geographic Region x Habitat x Fire Season x Time 2 274 1.72 0.18
Time x Habitat x Plot (Geographic Region x Fire 
Season)
274
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seepages across geographic regions (means of 30 and 32 stems/m^, respectively, 
after adjusting for the covariate; p = 0.482). Although densities of shrubs were similar 
between upland savannas and downslope seepages within each of LA and FL 
(Tukey-Kramer p = 0.167 and p = 0.648 respectively), shrub densities were 55% 
greater in upslope savannas of FL than LA (Tukey-Kramer p = 0.008), but 27% 
greater in seepages of FL than LA (Tukey-Kramer p = 0.210). The effect of this 
interaction between geographic region and habitat on shrub densities was significant 
(p = 0.045) suggesting that densities were greater in FL upslope savannas than in 
upslope savannas of LA.
Densities of shrub stems changed differently over time in FL and LA. Across 
geographic regions, densities of shrub stems changed little over time in plots (p = 
0.0933; Table 2.1). However, there was a significant effect of an interaction between 
geographic region and time (p = 0.054). By the end of the study, shrub densities had 
decreased in LA by 21% (Tukey-Kramer p = 0.033), but in FL, shrub densities 
remained approximately the same over time (mean of 41 stems/m^). Effects of 
interactions between habitat and time and between geographic region, habitat, and 
time on shrub stem densities, however, were not significant (p = 0.6832 and 0.3512, 
respectively) suggesting that shrub densities were similar between habitats over time 
regardless of geographic region.
Fire season had a significant effect on densities of shrub stems (p = 0.002; 
Table 2.1). Shrubs collectively resprouted 35% more following dormant than growing 
season fires. There were no significant effects of interactions between geographic 
region and fire season on densities of shrubs (p = 0.140); responses to season of 
bum in LA and FL were similar despite different densities and suites of species (Fig.
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2.2). Densities of shrub stems were affected differently by fire season in upslope 
savannas and downslope seepages (Fig. 2.2); effects of the interaction between 
habitat and fire season were significant (p = 0.035). Although densities of stems in 
upland savannas increased 19% more following dormant than growing season fires, 
these differences were not significant (Tukey-Kramer p = 0.435). In contrast, densities 
of shrub stems increased 47% more follovWng dormant than growing season fires in 
downslope seepages; these differences were significant (Tukey-Kramer p = 0.006). 
These differences in effects of fire season on resprouting in the two habitats occurred 
independently of geographic region; effects of the interaction between geographic 
region, habitat, and fire season were not significant (p = 0.877).
Effects of fire season on resprouting by shrubs changed over time. Effects of 
the interaction between fire season and time approached significance (p = 0.072; 
Table 2.1). Decreases in stem densities tended to be greater following the second 
growing than dormant season fire, and these effects were similar in LA and FL (p = 
0.145). Resprouting of shrubs following successive fires at different seasons, 
however, was most strongly influenced by the effect of an interaction between habitat, 
fire, and time (p < 0.001) that was independent of geographic region (p = 0.180; Table 
2.1). Following both second dormant and growing season fires in upslope savannas, 
mean numbers of shrub stems were similar to densities following a first set of fire 
treatments but remained higher than the initial numbers present (Fig. 2.3). In contrast, 
mean numbers of shrub stems in downslope seepages decreased to densities lower 
than the initial number present following only the second growing season fire; mean 
numbers of stems in seepages burned during the dormant season actually increased 
slightly following the second fire (Fig. 2.3).
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Fig. 2.2: Densities of shrubs (ail species combined) in quadrats one year after 
dormant and growing season fires. Left: geographic regions (Louisiana and Florida). 
Right: habitats (upslope savannas and downslope seepages). Densities are 
presented as back-transformed least squares means of shrub densities (number of 
stems/m^) adjusted for the covariate (pre-bum shrub densities). Thus, mean densities 
(averaging over fires one and two) are the responses to season of bum expected if 
initial densities in quadrats were equal to the overall mean of the covariate (the 
horizontal line). Vertical bars represent 95% confidence intervals of estimated means.
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Fig 2.3: Densities of shrubs (all species combined) in upslope savannas (left) and 
downslope seepages (right) one year after the first and second dormant and growing 
season fires. Densities are presented as back-transformed least squares means of 
shrub densities (number of stems/m^) adjusted for the covariate (pre-bum shrub 
densities). Thus, mean densities one year after each fire are the responses to season 
of bum expected if initial densities of shrubs in quadrats were equal to the overall 
mean of the covariate (the horizontal line). Vertical bars represent 95% confidence 
intervals of estimated means.
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Moroholoav of Underground Organs
In LA, shrubs with rhizomes and root crowns did not differ in response to fire 
treatments in either upslope savannas or downslope seepages. All interactions 
between morphology (rhizome versus root crown), fire season, habitat type, and time 
had no significant effects on densities of shrub stems (p > 0.1000) though these 
results may reflect low densities of shrubs and small sample sizes.
In FL, stem densities of shrubs with rhizomes and root crowns were not 
influenced by habitat or morphology, nor did they change over time. Stem densities in 
the two habitats had no significant effect on collective shrub densities (p = 0.679; 
Table 2.2). In addition, stem densities were not solely a function of either their type of 
underground organ (p = 0.986) or interactions between morphology and habitat type 
(p = 0.860). In addition, densities did not change over time, regardless of habitat. 
Time, alone, did not have a significant effect on densities of shrubs (p = 0.332) in 
upslope savannas and downslope seepages given a non-significant interaction 
between habitat and time (p = 0.750). In addition, interactions between morphology 
and time as well as habitat, morphology, and time did not have a significant effect on 
densities of rhizome and root crown species (p = 0.716 and p = 0.535 respectively).
Shrubs with rhizomes and root crowns responded differently to fire season. 
Shrub densities were 52% greater on average following dormant season fires than 
growing season bums (p = 0.013; Table 2.2). These differences reflected, in part, 
effects of the interaction between fire season and morphology (p = 0.039). Although 
both groups resprouted more following dormant than growing season fires, 
resprouting was increased by 69% for shrubs with root crowns, compared to 26% for 
shrubs with rhizomes. Interactions of fire season and habitat, as well as fire season,
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Table 2.2: Mixed linear model analysis of covariance of collective densities of shrubs 
divided into two groups based on different morphologies of underground organs in 
Florida. Type III F-statistics and p-values are based on likelihood estimations rather 
than sums of squares. Densities (n + 1) were natural log-transformed before analysis. 
The covariate represents shrub densities in quadrats (n + 1) at the onset of the study. 
NDF: numerator degrees of freedom; DDF: denominator degrees of freedom. Fire 
season: growing and dormant season fires; Habitat: upslope savannas and 
downslope seepages; Morphology: shrubs with root crowns and rhizomes; Time: 
censuses conducted before and one year after each of two fires in each plot; Plot: 
replicated areas within each region containing upslope savannas and downslope 
seepages and that were burned as units; Quadrat: sampling units within plots arrayed 
along transects extending from upslope savannas into downslope seepages.
Source of Variation NDF DDF Type 
ill F
P
Covariate (Initial density of stems/quadrat/plot) 1 256 261.04 <0.001
Fire Season (growing x dormant Season) 1 6 11.98 0.013
Plot (Fire Season)
Habitat (upslope savannas x downslope seepages) 1 6 0.19 0.679
Habitat x Fire Season 1 6 1.24 0.309
Habitat x Plot (Fire Season)
Morphology (root crown x rhizome) 1 12 0.01 0.986
Fire Season x Morphology 1 12 5.34 0.039
Habitat x Morphology 1 12 0.03 0.860
Habitat x Fire Season x Morphology 1 12 2.03 0.180
Morphology x Plot (Habitat x Fire Season) 12
Time (censuses: initial, post-fire one & two) 2 256 1.11 0.332
Fire Season x Time 2 256 4.81 0.009
Habitat x Time 2 256 0.29 0.750
Habitat x Fire Season x Time 2 256 4.05 0.019
Morphology x Time 2 256 0.34 0.716
Fire Season x Morphology x Time 2 256 6.17 0.002
Habitat x Morphology x Time 2 256 0.63 0.535
Habitat x Fire Season x Morphology x Time 2 256 3.8 0.024
Time x Morphology x Plot (Habitat x Fire Season) 256
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habitat, and morphology had no significant effects on stem densities of shrubs (p = 
0.309 and p = 0.180 respectively). Over two sets of fire treatments in FL, resprouting 
of shrubs, both with rhizomes and root crowns, tended to be less following growing 
season than dormant season fires, both in upslope savannas and downslope 
seepages.
Effects of fire season on shrub stem densities changed over time and in ways 
that reflected different underground morphologies. Changes in densities of shrub 
stems over time were affected by fire season (p = 0.009; Table 2.2) and effects of this 
interaction between fire season and time were not independent of morphology (p = 
0.002). Densities of shrubs changed over time in different ways in habitats burned at 
different seasons (p = 0.019); again, effects of this interaction between fire season, 
habitat, and time on shrub stem densities were not independent of morphology (p = 
0.024; Table 2.2).
The effect of underground morphology on patterns to changes in shrub 
densities over time in different habitats experiencing different fire seasons is 
illustrated in Fig. 2.4. Resprouting patterns of root crown and rhizome bearing species 
were similar following first and second fires in upslope savannas of FL. Shrubs 
resprouted more following dormant than growing season fires, but not significantly, 
(Tukey-Kramer p > 0.8600 for all pairwise comparisons of fire season). Similarly, 
densities of seepage shrubs with rhizomes were similar one year after second fires, 
regardless of season of bum (Tukey-Kramer p = 0.999). However, this was not the 
case for seepage shrubs with root crowns. Densities of seepage shrubs with root 
crowns, higher following the first dormant season than the first growing season fire, 
were much higher following second dormant season than second growing season
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Fig. 2.4: Densities of shrubs (ail species combined) with root crowns and rhizomes in 
upslope savannas (left) and downslope seepages (right) one year after the first and 
second dormant and growing season fires. Densities are presented as back- 
transformed least squares means of shrub densities (number of stems/m^) adjusted 
for the covariate (pre-bum shrub densities). Thus, mean densities one year after each 
fire are the responses to season of bum expected if initial densities of shrubs in 
quadrats were equal to the overall mean of the covariate (the horizontal line). Vertical 
bars represent 95% confidence intervals of estimated means.
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fires (Fig. 2.4); differences in density after the second fire were highly significant 
(Tukey-Kramer p < 0.001). Moreover, densities of seepage shrubs with root crowns 
burned in the growing season were much lower than densities of shrubs with either 
root morphology in the upslope savannas or of shrubs with rhizomes in the downslope 
seepages (Fig. 2.4).
Species
In LA, individual species responses to experimental treatments were not 
analyzed because of low densities of stems and small sample sizes. Most of the 
species of shrubs that were sufficiently abundant in plots in FL did not respond to 
differences in fire season (p > 0.100). Densities of Gaylussacia dumosa, G. frondosa. 
Ilex glabra, Quercus minima, Q. pumiia, and Vaccinium myrsinites in upslope 
savannas, as well as Cyriiia racemifiora and Myrica heterophyiia in downslope 
seepages, were not significantly different between fire treatments (p > 0.05 for all 
interactions after adjusting for the covariate).
Two suffrutescent species of shrubs most abundant in seepages, Hypericum 
microsepalum and H. brachyph^lum, responded differently to growing and dormant 
season fires over time (Fig. 2.5). Although densities of stems, adjusted separately for 
the initial densities of each species, were lower in quadrats one year after the first 
growing season fires compared to the first dormant season fires, the overall effect of 
fire season was not significant {H. microsepalum: p = 0.217; H. brachyphyiium: p = 
0.192; Table 2.3). However, densities of stems of both species increased following 
the second dormant season fires; prolific resprouting resulted in considerably more 
stems of both species than were present even in the initial census (Fig. 2.5.). In 
contrast, complete kill of shrubs of both species, but especially H. brachyphyiium,
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Fig. 2.5: Densities of Hypericum microsepalum (left) and H. brachyphyiium (right) in 
downslope seepages in FL one year after the first and second dormant and growing 
season fires. Densities are presented as back-transformed least squares means of 
densities (number of stems/m^) adjusted for the covariate (pre-bum densities). Thus, 
mean densities one year after each fire are the responses to season of bum expected 
if initial densities of each species in quadrats were equal to the overall mean of the 
covariate for that species (the horizontal line). Vertical bars represent 95% 
confidence intervals of estimated means. Separate analyses were conducted on the 
two species, the covariate was 4.0 stems/m^ for H. microsepalum and 2.6 stems/m^ 
for H. brachyphyiium.
76
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 2.3: Mixed linear model analysis of covariance of densities of (A) Hypericum 
microsepalum and (B) Hypericum brachyphyiium in Florida downslope seepages. 
Type III F-statistics and p-values are based on likelihood estimations rather than sums 
of squares. Densities (n+ 1 )  were natural log-transformed before analysis. The 
covariate represents shrub densities in quadrats (n + 1) at the onset of the study.
NDF: numerator degrees of freedom; DDF: denominator degrees of freedom. Fire 
Season: growing and dormant season fires; Time: censuses conducted before and 
one year after year each of two fires in each plot; Plot: replicated areas within each 
region containing downslope seepages and that were burned as units; Quadrat: 
sampling units within plots arrayed along transects in downslope seepages.
Source of Variation NDF DDF Type Hi F P
(A) Hypericum microsepalum
Covariate (initial density of stems/quadrat/plot) 1 32 1.67 0.205
Fire Season (growing x dormant season) 1 3 2.42 0.217
Plot (Fire Season) 3
Time (initial, post-fire one & two) 2 32 9.33 <0.001
Fire Season x Time 2 32 3.60 0.039
Time x Plot (Fire Season) 32
(B) Hypericum brachyphyiium
Covariate (initial density of stems/quadrat/plot) 1 33 6.44 0.016
Fire Season (growing x dormant season) 1 5 2.28 0.192
Plot (Fire Season) 5
Time (initial, post-fire one & two) 2 33 2.52 0.096
Fire Season x Time 2 33 4.02 0.027
Time X Plot (Fire Season) 33
occurred after the second growing season fire (Fig. 2.5). As a result of these 
differences in responses to growing and dormant season fires over time, effects of 
interactions between fire season and time were significant for both species (p = 0.039 
and p = 0.027 respectively).
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Shrub - Fire Temperature Relationships
Maximum fire temperatures were more variable in LA than in FL. My field 
observations indicated that differences in maximum fire temperatures in the two 
regions very likely resulted from differences in the approaches to prescribed fire 
management used in the two sites. In LA, maximum fire temperatures during the first 
and second fires were not different for fires conducted during different seasons (Fire 
One; p = 0.670; Fire Two: p = 0.722; Table 2.4). Moreover, maximum fire 
temperatures were not consistently different between the two successive fires, either 
in the two habitats or for habitats burned at different fire seasons (Table 2.4). In 
contrast, maximum fire temperatures in FL were consistently affected by fire season. 
Over both sets of fire treatments, growing season fires were 33% hotter on average 
than dormant season bums. Mean maximum fire temperatures, both in upland 
savannas and dovmslope seepages often exceeded 500-600°C (Table 2.5). Fire 
season effects were significant for both fires (Fire One: p = 0.042; Fire Two: p = 
0.050; Table 2.4). These effects were independent of habitat; growing season fires 
were hotter than dormant season fires, regardless of habitat type (p >0.170; Table 
2.4).
There were no consistent relationships between maximum fire temperature 
and shrub stem densities in LA (Table 2.6). A positive, but weak, relationship occurred 
following the first fires in upslope savannas (p = 0.044; Table 2.6a). No other 
relationships between maximum fire temperatures and stem densities were evident in 
LA (Table 2.6b-d).
Similar patterns occurred in FL. Shrub stem densities were not related to 
maximum fire temperatures in either upslope savannas or downslope seepages
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Table 2.4: Analysis of variance of maximum fire temperatures after Fire One (A) and 
Fire Two (B) in LA and FL. Maximum fire temperatures were natural log-transformed 
before analysis. DF: degrees of freedom; Fire Season: growing and dormant season 
fires; Habitat: upslope savannas and downslope seepages.
Source of Variation DF Mean
Square
F P
Louisiana
(A) Fire One
Fire Season (growing x dormant season) 1 0.0648 0.17 0.698
Plot (Fire Season) 4 0.3710 1.87 0.131
Habitat (upland savannas x downslope 
seepages)
1 0.1900 0.96 0.333
Habitat x Fire Season 1 0.7449 3.75 0.059
Quadrats x Habitat (Fire Season) 47 0.1984
(B) Fire Two
Fire Season (growing x dormant season) 1 0.1561 0.15 0.722
Plot (Fire Season) 4 1.0693 2.21 0.081
Habitat (upland savannas x downslope 
seepages)
1 1.9249 3.98 0.051
Habitat x Fire Season 1 0.2937 0.61 0.439
Quadrats x Habitat (Fire Season) 50 0.4833
Florida
(C) Fire One
Fire Season (growing x dormant season) 1 2.3004 6.65 0.042
Plot (Fire Season) 6 0.3461 2.22 0.058
Habitat (upland savannas x downslope 
seepages)
1 0.2584 1.66 0.204
Habitat x Fire Season 1 0.3022 1.94 0.170
Quadrats x Habitat (Fire Season) 46 0.1556
(D) Fire Two
Fire Season (growing x dormant season) 1 2.7211 5.97 0.050
Plot (Fire Season) 6 0.4555 2.31 0.049
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(Table 2.4 continued)
Habitat (upland savannas x downslope 
seepages)
Habitat X Fire Season 
Quadrats x Habitat (Fire Season)
1 0.4941 2.51 0.120
1 0.1802 0.92 0.344
47 0.1968 ________
Table 2.5: Back-transformed, mean maximum fire temperatures in (A) upslope 
savannas and (B) downslope seepages in FL during first (Fire 1) and second sets 
(Fire 2) of dormant and growing season fires.
Upslope Savannas
Firel Fire 2
Mean SE Mean SE
Dormant Season 382.75 0.16 436.03 0.12
Growing Season 664.14 0.08 619.17 0.14
Downslope Seepages
Dormant Season 486.85 0.12 303.90 0.11
Growing Season 644.48 0.14 472.43 0.17
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Table 2.6; Collective shrub response in Louisiana and Florida predicted from maximum fire temperatures using simple 
linear regression in (A) upslope savannas after one set of fire treatments in 1994, (B) downslope seepages after one set 
of fire treatments in 1994, (0) upslope savannas after a second set of fire treatments in 1996, and (D) downslope seepages 
after a second set of fire treatments in 1996. Densities (n+1) were natural log-transformed before analysis. The covariate 
represents shrub densities in quadrats (n+1) at the onset of the study. SE; standard error, DF; degrees of freedom.
Louisiana Florida
Variable DF Parameter
Estimate
SE P DF Parameter
Estimate
SE P
(A) Upslope savannas — Fire Set One
Intercept 1 0.008 0.195 0.969 1 -0.134 0.471 0.777
Covariate 1 0.847 0.071 <0.001 1 1.098 0.091 <0.001
Fire Temperature 1 0.001 <0.001 0.044 1 <-0.001 <0.001 0.879
(B) Downslope seepages — Fire Set One
Intercept 1 -0.309 0.283 0.287 1 1.447 0.554 0.015
Covariate 1 1.196 0.073 <0.001 1 0.762 0.133 <0.001
Fire Temperature 1 <-0.001 <0.001 0.672 1 <-0.001 <0.001 0.516
(C) Upslope savannas — Fire Set Two
Intercept 1 0.119 0.183 0.523 1 0.483 0.555 0.391
Covariate 1 0.851 0.069 <0.001 1 1.009 0.114 <0.001
Fire Temperature 1 <0.001 <0.001 0.292 1 <-0.001 <0.001 0.325
(D) Downslope seepages — Fire Set Two
Intercept 1 -0.380 0.354 0.295 1 1.959 0.683 0.010
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Fig. 2.6: Partial residual regression plots of relationships between maximum fire 
temperatures during the second fires in FL downslope seepages and densities of 
shrubs one year after the fires. (A) All shrub species combined, (B) species with root 
crowns, (C) Hypericum microsepalum, and (D) H. brachyphyiium. Shrub densities are 
natural log-transformed and adjusted for initial densities (covariate). Densities are 
residuals following regressions relating initial shrub densities to the density one year 
after the second fire. Similarly, fire temperatures are presented as residuals following 
regressions relating initial shrub densities to maximum fire temperatures during the 
second fire. Temperature: maximum fire temperature; open circles: dormant season 
fires; closed circles: growing season fires.
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following the first fires, nor after the second fires in upslope savannas (p > 0.3200; 
Table 2.6). However, shrub stem densities in downsiope seepages were negatively 
related to maximum fire temperatures foliowing the second fires (p = 0.018; Table 
2.6d). Densities tended to decrease in quadrats as maximum fire temperatures 
increased (Fig. 2.6a). In particular, densities of species with root crowns in downsiope 
seepages were negatively related to fire temperatures after the second fires (p = 
0.049; Fig. 2.6b). Much of this response was a result of changes in the density of 
stems of the two most abundant species, H. microsepalum, and H. brachyphyiium. 
Densities of H. microsepalum decreased markedly with increases in maximum fire 
temperatures during the second fires (p = 0.002; Fig. 2.6c). Converseiy, densities of 
H. brachyphyiium were not affected by maximum fire temperatures during the second 
fires in downslope seepages (p = 0.207; Fig. 2.6d). Fuli regression equations for ali 
species with root crowns, H. microsepalum and H. brachyphyiium are presented in 
Appendix 3.
Discussion
Southeastern pine savannas historically were strongly associated with fire 
(Piatt 1999, and references therein). Lightning-initiated fires, which occurred very 
frequently (more than once a decade), consumed primarily fine fuels in the 
groundcover (and thus were of reiativeiy low intensity). Moreover, these habitats most 
likely burned during the early growing season, when synoptic weather conditions 
favored fire spread over large areas (Olson and Platt 1995). Such predictability of fire 
regimes has been suggested to be important in the seiection of life history 
characteristics of groundcover plants in pine savannas, producing species resistant 
to, and dependent on fires that may have been facilitated by the above-ground
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production of flammable vegetation (Mutch 1970, Komarek 1974, Glitzenstein et al. 
1995, Olson and Platt 1995, Gilliam and Platt 1999, Platt 1999). My current study 
reinforces these concepts, suggesting that repeated fires at different seasons, 
especially those during the growing or dormant season, produce consistent 
differences in resprouting of shrubs indigenous to these savannas. Moreover, 
responses of shrubs were similar, both in local upslope xeric savannas and 
downslope hydric seepages and in both these habitats at opposite ends of the 
southeastern Gulf coastal plain. Thus, effects of different fire seasons on shrub 
resprouting may be generalizable across local habitats and geographic regions.
In my experimental study, resprouting of shrubs was consistently greater 
following dormant than growing season fires in upslope savannas and downslope 
seepages, both in LA and FL. Similar effects of dormant and growing season fires on 
hardwood trees also have been documented in experimental studies in Florida 
longleaf sandhills (Streng et al. 1993, Glitzenstein et al. 1995). The effects of season 
of bum may be linked to fire frequency, which was not varied in my study. The only 
studies I found in which both season and frequency were manipulated experimentally 
occurred in loblolly pine (Pinus taeda) stands, where maximum fire temperatures were 
lower than those in longleaf pine savannas. High mortality of hardwoods occurred 
after seven biennial growing season fires in loblolly-shortleaf pine stands of Arkansas, 
but 11 annual growing season fires resulted in even higher mortality (Grano 1970). 
Repeated growing season fires were more effective than repeated dormant season 
fires in controlling resprouting of hardwood species in South Carolina loblolly pine 
stands, but differences were greatest when fires were conducted annually (Waldrop 
et al. 1992). All these studies indicate that the increases in the density of shrubs and
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trees in southeastern pine savannas often reported over the past half century may be 
not just a  result of fire suppression, but also a consequence of altered seasonal timing 
of even frequent prescribed fires (i.e., the shift from historical lightning or growing 
season fires to anthropogenic dormant season fires). Though not measured in this 
study, shrub growth rates appeared to be greater following dormant than growing 
season fires. Based on field observations, resprouts tended to be much taller in plots 
one year following dormant season fires than one year following growing season fires.
Resprouting of shrubs following repeated fires at different seasons was 
influenced by differences in local habitats, both in LA and FL. Although densities of 
shrub stems in upslope savannas were consistently greater following dormant 
compared to growing season fires, differences in densities of stems remained small 
after two fires. This pattern of resprouting suggests that densities of shrub stems 
might eventually be higher in upslope savannas burned repeatedly during dormant 
compared to growing seasons; such patterns might be manifest only over several 
decades of consistent dormant season fires. Dormant season fires had a stronger 
effect in downslope seepages. Densities of shrubs were >40% greater following 
single dormant season fires than single growing season fires, both in LA and FL. 
Moreover, after the second fires in seepages in both geographic regions, resprouting 
of shrubs increased considerably in quadrats bumed during the dormant season, but 
decreased considerably in quadrats bumed during the growing season. These results 
suggest that not only fire suppression, but also repeated dormant season fires over 
the past half-century, may have produced the shrub and hardwood dominance now 
observed in drainage headwaters all over the southeastem Gulf coastal plain.
86
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Resprouting of shrubs has been related to species characteristics in a number 
of studies. Sprouting responses have been shown to vary as a function of size class 
(Kauffman and Martin 1990, Streng etal. 1993, Glitzenstein e/a/. 1995), leaf form 
(deciduous versus evergreen species) (Kauffman and Martin 1990), and rhizome 
depth (Matiack et al. 1993). I found that shrubs with different types of underground 
organs resprouted similarly to repeated fires at different seasons in most habitats in 
FL. Shrubs in upslope savannas, both those with rhizomes and those with root 
crowns, as well as shrubs with i+iizomes in downslope seepages, all responded 
similarly to differences in fire season. In all cases, repeated dormant season fires 
tended to result in more resprouting than repeated growing season fires.
Marked habitat-dependent resprouting of shrubs with root crowns occurred 
following the second fire in FL downslope seepages. This resprouting was negatively 
related to maximum fire temperatures. Most of the differences in resprouting resulted 
from two suffrutescent shrubs with root crowns, Hypericum microsepalum and H. 
brachyphyiium. These species resprouted extensively following two successive 
biennial dormant season fires, but resprouting was considerably reduced following 
two successive biennial growing season fires. Although the resprouting patterns were 
somewhat similar, H. microsepalum and H. brachyphyiium responded differently to 
fires of different intensities (to the extent that differences in fire intensity in fine fuels 
are indicated by maximum fire temperatures). Post-fire stem densities of H. 
microsepalum were strongly inversely related to maximum fire temperature. Because 
growing season fires tended to be hotter than dormant season fires, observed 
differences in resprouting may have been related to fire intensity as well as fire 
season. In contrast, stem densities of H. brachyphyiium were not strongly related to
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maximum fire temperatures; resprouting of this species appeared to be more related 
to fire season than fire intensity.
Two hypotheses provide possible explanations for different responses of these 
two suffrutescent shrubs to fire. According to the "plant physiology hypothesis”
(Wade and Johansen 1986a, 1986b, Matlackef a/. 1993, Glitzenstein etal. 1995), 
responses to fire should depend on the seasonal physiological status of woody plants. 
Woody plants are hypothesized to resprout less following growing season than 
dormant season fires because photosynthetically produced cait>ohydrates, used for 
resprouting, are, at the time of growing season fires, largely in aboveground organs 
killed by the fires. Carbohydrate reserves are hypothesized to be stored primarily in 
underground organs, however, during the dormant season. Although aboveground 
plant parts are killed by dormant season fires, carbohydrate reserves are thus likely to 
be available for reprouting. Because there are numerous dormant buds on 
underground organs that are released by top-kill and the available resources may be 
able to support many resprouts, numbers of stems are predicted to increase, at least 
transiently, during the growing season following either a late growing season or a 
dormant season fire (Glitzenstein etal. 1995, Olson and Platt 1995). In contrast, the 
“ambient temperature hypothesis” (Van Wagner 1973, Johnson 1992, Giitzenstein ef 
al. 1995), postulates that fire has a direct effect on resprouting responses of woody 
species. Woody species are hypothesized to resprout less following growing season 
than dormant season fires because fires during the growing season tend to be more 
intense and therefore damage or stress underground buds or organs invoived in 
resprouting.
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Resprouting of H. microsepalum may be affected by fire season and fire 
intensity. Large increases in stem densities occurred after dormant season fires, but 
marked decreases in stem densities occurred following growing season fires. As a 
result, stem densities of H. micmsepalum were 76% and 91 % greater after the first 
and second dormant season fires compared to after the first and second growing 
season fires. However, there was a strong inverse relationship between maximum fire 
temperatures and resprouting of H. microsepalum after the second fires. The less 
intense fires, which occurred primarily during the dormant season, appeared to result 
in prolific resprouting. However, the more intense fires, that occurred primarily during 
the growing season, did not result in any change in shrub densities relative to 
densities following the first growing season fires. Historically, H. microsepalum may 
have been restricted to regions of seepages where growing season fires were not 
intense.
Resprouting of Hypericum brachyphylium, appeared more consistent with the 
"plant physiology hypothesis' than the "ambient temperature hypothesis". After the 
second fires, stem densities of H. brachyphylium increased considerably after 
dormant season fires, but decreased markedly following growing season fires. These 
resprouting responses were not significantly associated with maximum fire 
temperatures. These two species differ in their locations within seepages I studied in 
FL. Hypericum microsepalum occurs in upper, less hydric areas of seepages, while 
H. brachyphylium occurs further downslope in more hydric areas, in close proximity to 
titi/cypress swamps with longer hydroperiods. Hypericum brachyphylium may be 
affected more following successive growing season fires than dormant season fires 
because photosynthates removed by growing season fires would othenvise have
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been used to sun i^ve intermittently stressful, anaerobic conditions. The mortality of 
many H. brachyphylium following two growing season fires suggests that this species 
can not withstand the multiple stresses Imposed by periodic flooding and growing 
season fires. Historically, H. brachyphylium may have been limited to lower seepages 
(and even lower elevations) where growing season fires occurred Infrequently.
Hypericum microsepalum and H. brachyphylium, both suffrutescent species, 
were more sensitive to my experimental treatments than any other species. Their 
more delicate composition and stature may reveal more quickly how differences In fire 
season and Intensity, as well as interactions between fire season and other 
environmental factors such as hydroperiod affect resprouting by shrubs. These 
differences resulting from fire season, coupled with the consistent effects of 
differences In fire season across geographic region, across habitats within those 
regions, as well as for plants with different underground morphologies, point towards 
shrub densities historically being lower than they are at the current time. The 
restoration and management of pine savannas using prescribed fire regimes that 
Include frequent, growing season fires (especially those early In the growing season)
Is likely to require a long time to reduce the sizes and densities of shrubs. My data 
strongly suggest that dormant season fires can result In rapid proliferation of shrub 
stems, which can cause rapid changes In groundcover plant communities (Piatt 1999, 
and references therein). Frequent growing season fires do appear to affect the more 
sensitive shrubs, those that are suffrutescent, quickly. They thus can cause rapid 
reductions In stem densities of these species once growing season fires are 
reintroduced. However, other, more woody species appear more protected from fires; 
low Intensity frequent growing season fires appear primarily to keep densities of
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stems of these species from increasing and to reduce stem densities very slowly. 
Where very high densities of woody stems are present as a result of a long history of 
fire exclusion and/or dormant season fires, shifting fire season alone is not likely to 
result in rapid return towards conditions once present in southeastern pine savannas.
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GENERAL SUMMARY 
Herbaceous ground cover species are nonrandomiy arrayed along elevation 
gradients in longleaf pine savannas at opposite ends of the Gulf coastal plain, despite 
few shared species. In chapter one, abundance data of herbaceous species in the 
Kisatchie National Forest, Vernon Parish, Louisiana sharply defined plant 
communities along elevation gradients of several meters: upslope longleaf pine 
savannas, mid-slope seepage bogs, and lower-slope “baygalls.” In the Panacea Unit 
of the St. Marks National Wildlife Refuge, Wakulla County, Florida, upslope flatwoods 
longleaf pine savannas, mid-slope seepage bogs, and lower-slope titi/cypress 
swamps occurred along elevation gradients of less than a meter. However, 
herbaceous species were more broadly distributed in Florida; communities were not 
as sharply delineated.
Local organization of herb communities in both geographic regions varied 
primarily with the steepness of topographic gradients and differences in surface soil 
moisture. In Louisiana, elevation gradients were steeper than in Florida.
Nevertheless, herbaceous species shared strong correlative relationships with 
moisture regardless of geographic region. In Louisiana, however, distributions of 
herbaceous species were correiated with surface soil texture, organic matter, and pH, 
as well as surface soil moisture.
Abundances of hardwood species did not result in plant communities sharply 
delineated along topographic gradients in Louisiana and Florida longleaf pine 
savannas. Many shrub species were broadly distributed along elevation gradients. 
When shrub abundance data were used for classifying communities, species 
associations were difficult to interpret. However, when herbaceous species were
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used for classification, shrub species did not occur exclusively in any community type. 
Thus, shrubs do not appear to be as sensitive as herbaceous species to elevation 
gradients and fine scale edaphic factors. Instead, shrub distributions may be more 
affected by alterations of natural fire regimes. Frequent, lightning-initiated fires during 
the growing season characterized the natural, fire regime of longleaf pine savannas. 
Fire suppression and non-lightning, dormant season burning (anthropogenic 
perturbations) may be responsible for the proliferation of shrubs and the subsequent 
expansion of shrub distributions across environmental gradients.
An experimental study in chapter two suggests that alterations of fire regimes 
result in different resprouting responses in indigenous, shrub populations of 
southeastern longleaf pine savannas. Repeated fires at different seasons, especially 
those during the growing and dormant season, produced consistent differences in 
resprouting of shrubs. As postulated in chapter one, resprouting of shrubs was 
consistently greater following dormant (non-lightning season) than growing season 
fires in upslope savannas and downslope seepages, both in Louisiana and Florida.
Resprouting of shrubs following repeated fires at different seasons was 
influenced by differences in local habitats, regardless of geographic region. While a 
repeated pattern of greater resprouting of shrubs following dormant than growing 
season fires occurred in upslope savannas, differences in densities of stems 
remained small after two fires. Nevertheless, this pattem of resprouting may suggest 
that densities of shrubs might eventually be higher in upslope savannas burned 
repeatedly during dormant compared to growing seasons (see Waldrop etal. 1992). 
Changes in densities between fire treatments were significantly different after 
repeated fires in downslope seepages of Louisiana and Florida. Densities of shrubs
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were >40% greater following dormant than growing season fires. In particular, 
marked habitat-dependent resprouting of shrubs with root crowns occurred following 
biennial fires in Florida downslope seepages.
Fire season and fire intensity may influence resprouting of shrubs. Densities 
of root crown species following biennial fires in downslope seepages were inversely 
related to maximum fire temperatures. Specifically, Hypericum microsepalum, a root 
crown bearing, suffrutescent species, was affected not only by fire season but fire 
intensity also. After a first set of dormant and growing season fires, resprouting of H. 
microsepalum was greater following dormant than growing season fires but unrelated 
to fire intensity. After a second set of fires where H. microsepalum was inversely 
related to maximum fire temperatures, the less intense dormant fires resulted in 
proiific resprouting, but the more intense growing season fires resuited in densities 
similar to those following a first set of growing season fires. In contrast, resprouting 
by H. brachyphylium, another root crown bearing, suffrutescent species, was 
unrelated to maximum fire temperatures; fire season and not fire intensity may be 
important in determining resprouting of H. brachyphylium.
Dormant season fires can result in rapid proliferation of shrub stems resulting 
in expanded distributions, causing rapid changes in groundcover piant communities. 
While different responses to fire season occurred in more sensitive, suffrutescent 
species, other more woody species appeared more protected from fires. Whereas 
dormant season fires result in copious resprouting of densities of shrubs, growing 
season fires appear to siowly affect densities of these species. Shifting fire season 
alone is not likely to result in rapid retum toward conditions once present in 
southeastern pine savannas.
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APPENDIX 1
Survivorship (A) and recruitment (B) of shrubs (ali species combined) in 
quadrats one year and two years after the first dormant and growing season fires 
(Post-Fire 1 and Census 3 respectively), and one year after the second dormant and 
growing season fires (Post-Fire 2). Densities are presented as back-transformed 
least squares means of shrub densities (number of stems/m^) adjusted for the 
covariate (pre-bum shrub densities). Thus, mean densities after fires are responses 
to season of bum expected if initial densities of shrubs in quadrats were equal to the 
overall mean of the covariate (the horizontal line). Vertical bars represent 95% 
confidence intervals of estimated means. In the absence of fire (Census 3), 93% of 
shrub stems survived from the previous census; conversely there was 0% survivorship 
immediately following fires (Post-Fire 1 and 2). Also, recruitment through resprouting 
was negligible two years following dormant and growing season fires (Census 3); 
almost all recruitment occurred no more than one year following fires (Post-Fire 1 and 
2).
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APPENDIX 2
Mean density and standard error (SE) of shrub species at the onset of the 
study in upslope savannas and downslope seepages of Louisiana and Florida. 
Underground organs are indicated for each species: LI - lignotubers; RC - root 
crowns; RH - rhizomes.
Species Upslope
savannas
Downslope
Seepages
Under­
ground
Organ
Density SE Density SE
Louisiana
Acerrubrum 0.13 0.10 0.53 0.20 RC
Alnus seiTUlata 0 0 0.33 0.24 RC
Diospyros virginiana 0.10 0.08 0 0 RH
Hypericum brachyphylium 0 0 0.10 0.10 RC
Hypericum crux-andreae 0.23 0.10 2.20 1.19 RC
Hypericum hypericoides 0.38 0.15 0 0 RC
Ilex coriacea 0 0 6.60 6.04 LI
Ilex vomitoria 0.05 0.03 0 0 RC
Uquidambar styraciflua 0.30 0.23 0 0 RC
Magnolia virginiana 0 0 3.53 1.43 LI
Myrica cerifera 4.15 1.55 4.40 1.97 RH
Myrica heterophyiia 0.03 0.03 4.60 1.17 RH
Persea borbonia 0 0 0.57 0.57 RH
Pyrus arbutifoiia 0.25 0.25 0.40 0.24 RH
Rhus copallinum 0.38 0.15 0 0 RH
Rubus spp. 2.68 1.01 0.23 0.16 RH
Vaccinium arboreum 1.05 0.45 0 0 RH
Vaccinium elliottii 1.63 1.07 0 0 RH
Vaccinium stamineum 0.35 0.35 0 0 RH
Viburnum nudum 0.03 0.03 0 0 RH
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(Appendix 2 continued) 
Florida
Clethra alnifolia 9.78 4.32 1.33 0.73 RH
CyriHa racemiflora 0 0 10.00 3.36 RH
Gaylussacia dumosa 38.78 11.86 2.07 1.70 RH
Gaylussacia frondosa 19.83 5.37 0.48 0.32 RH
Gaylussacia mosleri 5.44 3.55 7.15 3.48 RH
Hypericum brachyphylium 0 0 4.78 1.93 RC
Hypericum crux-andreae 0.06 0.06 0 0 RC
Hypericum microsepalum 5.33 1.82 5.15 1.68 RC
Ilex coriacea 6.17 3.53 2.74 2.21 LI
Ilex glabra 33.89 4.56 5.04 1.39 RH
Ilex myrtifolia 0 0 0.52 0.52 LI
Uquidambar styraciflua 0.06 0.06 0 0 RC
Lyonia luclda 4.06 2.83 1.78 1.29 RH
Magnolia virginiana 0 0 0.41 0.41 LI
Myrica cerifera 0.50 0.26 0.07 0.07 RH
Myrica heterophyiia 0.67 0.40 2.30 0.77 RH
Nyssa biflora 0 0 2.04 1.49 RC
Persea borbonia 0 0 0.04 0.04 RH
Pyrus arbutifoiia 4.78 1.92 0.07 0.07 RH
Quercus minima 13.72 4.98 0.15 0.15 RH
Quercus pumila 7.00 2.49 0 0 RH
Rubus spp. 0 0 0.04 0.04 RH
Vaccinium arboreum 1.78 1.26 0 0 RH
Vaccinium corymbosum 0.56 0.42 0.70 0.70 RH
Vaccinium darrowii 0.89 0.66 0.04 0.04 RH
Vaccinium myrsinites 12.11 3.63 0.04 0.04 RH
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APPENDIX 3
Density response predicted from maximum fire temperatures using simple 
linear regression for (A) species bearing rootcrowns, (B) Hypericum micmsepalum, 
and (C) Hypericum brachyphylium after a second set of fire treatments (1996) in 
downslope seepages of Florida. Shrub densities (n+1) were natural log-transformed 
before analysis. The covariate was shrub densities in quadrats (n+1) at the onset of 
the study. SE: standard error; OF: degrees of freedom.
Variable
(A) Rootcrown Species
DP Parameter
Estimate
SE
Intercept 1 3.846 0.919 <0.001
Covariate 1 0.112 0.304 0.717
Fire Temperature 1 -0.004 0.002 0.049
(B) Hypericum micmsepalum
Intercept 1 4.587 0.838 <0.001
Covariate 1 0.329 0.251 0.211
Fire Temperature 1 -0.006 0.002 0.002
(C) Hypericum brachyphylium
Intercept 1 2.663 1.033 0.024
Covariate 1 -0.002 0.353 0.997
Fire Temperature 1 -0.003 0.002 0.207
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